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Cover motif:: The Hairy Cicada Yéttigarcta crinita Distant, Family Tettigarctidae, a species found in the 
mountains of south eastern New South Wales, the A.C.T. and Victoria. This cicada is 
remarkable for its inability to sing, its preference for low temperatures and in being 
crepuscular. Drawing by S. P. Kim. 
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A New Species of Litoria (Anura: Hylidae) 


from Eastern Australia 


A. M. WHITE, R. W. WHITFORD and M. J. MAHONEY 
(Communicated by D. S. HORNING) 


WHITE, A. W., WHITFORD, R. W., & MAHONEY, M. J. A new species of Litoria (Anura: 
Hylidae) from eastern Australia. Proc. Linn. Soc. N.S.W. 114 (1): 3-10 (1994). 


A brown tree frog, Litorza littlejohni sp. nov., previously confused with L. jerviszensis 
(Duméril & Bibron 1841) is described from Eastern Australia. The new species is 
; restricted to the plateau and eastern slopes of the Great Dividing Range and adjacent 
coastal region, extending from 90km north of Sydney N.S.W. to near Buchan in 
Victoria. It can be distinguished by a combination of the following characteristics: 
relatively large size, females 52-68mm, males 40-51mm S-V, with the head broader than 
long (HL/HW = 0.91). The dorsum is smooth with no distinct pattern of mottling, and 
the axilla, groin and under surface of the thighs are bright orange red. Characteristics 

of the mating call and karyotype are given. 


A. W. White, and R. W. Whitford, School of Biological Sciences (Zoology), University of New 
South Wales, PO. Box 1, Kensington, N.S.W., 2033. 

M. J. Mahoney, School of Applied Science and Technology, University of Newcastle, N.S.W. 2300. 
Manuscript received 13 August 1991, accepted for publication 14 October 1992. 


KEY WORDS: Litorza, Anura. 


INTRODUCTION 


White, Whitford and Watson (1980) redescribed the Jervis Bay tree frog (Litora 
Jjervistensis Duméril and Bibron, 1841). This step was necessary as this species had 
become confused in the literature with a hitherto undescribed species of brown tree frog. 
The latter species had been referred to by Gtinther (1858) and was later given the 
common name of the Heath frog by Moore (1961). The specific identity of both species 
could not be resolved using the original description of L. jervisiensis. More recent field 
guides (e.g. Barker and Grigg, 1978, Cogger, 1992) have suffered because of this 
confusion. 

Asa result of the redescription of L. jerviszensis that species 1s now understood to be a 
winter-breeding species closely related to frogs of the L. ewingi species group. The Heath 
frog has remained unnamed because of the difficulty in procuring specimens and 
gathering sufficient biological information about the species. This paper serves to name 
this species formally and to provide some ecological and reproductive data about that 
species. 


MATERIALS AND METHODS 


Specimens were made available for examination by the following institutions: AMS 
— Australian Museum, Sydney; NMV — Museum of Victoria; Melbourne, ANWC — 
Australian National Wildlife Collection, Canberra; CCAE — Canberra College of 
Advanced Education, Canberra, QM — Queensland Museum, Brisbane; MAMU — 
Macleay Museum, University of Sydney, Sydney. 

Measurements, were recorded to the nearest 0.1mm using dial callipers, following 
Tyler (1968). External measurements recorded were: snout-vent length (S-V); head 
length (HL); head width (HW); eye to naris distance (E-N); eye diameter (E); inter- 
narial span (IN); tympanum diameter (T); and tibial length (TL). 

Mating calls were recorded on an Akai model XV reel to reel tape recorder 
and analysed on a Kay Electronics Sona Graph 6061B sound spectrograph. Chart 
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recordings were prepared on a Fernbedienung Chart Recorder type F-NB. Ambient 
temperature was measured with a wet bulb thermometer. 

Karyological data were obtained for three specimens of L. /zttlejohni collected from 
the type locality. Mitotic chromosomes were obtained from intestinal epithelial cells 
using an air dried technique described by Mahony & Robinson (1980). Nucleolar 
organiser regions (NORs) were stained following the technique of Goodpasture & 
Bloom (1976). 


Litoria littlejohni sp. nov. 
Figs. 1-4 

Holotype: AMS R95802, mature male. Walker’s Ridge Road (Joe’s Point), Watagan State 
Forest, approx. 90km N of Sydney, N.S.W. (33°02'10"S, 151°08’00”E). Collected by M. 
Mahony on 3.11.1980, from a temporary pool in a roadside ditch. 
Paratypes' AMS R2406, Lawson, N.S.W. 29.xi.1898; R5006-7, Blackheath, N.S.W. 
6.xi1.1910; Wilde’s Meadow Moss Vale, N.S.W. 11.11.1913; R8461. Leura, N.S.W. 
8.xi.1924; R14643-44, Medlow Bath, N.S.W., 17.x.1955; R19429, Mt Wilson, N.S.W., 
30.iv.1963; R69030-33; Bell, N.SW., 8.111.1972; R69953-54, Katoomba, N.S.W. 
31.1.1978. R95803-806, Walker’s Ridge Road, Watagan State Forest, N.S.W., 3.11.1980; 
NMV D26658-61, Royal National Park, N.S.W., May 1960; D26662, Royal National 
Park, N.S.W., 21.viii.1962; D26680-82, Clyde Mtn, N.S.W., 14.5km SE Braidwood, 
N.S.W., 13.1.1965; D26683, 16km SE Braidwood, N.S.W., 12.11.1968; D26684-5, 16km E. 
Braidwood, N.S.W., 12.11.1968; D26688, 6km SW Robertson, N.S.W., 22.x.1969, 
Tianjara Falls, N.S.W., 23.x.1969; D32638, 20km SW ‘Tomerong, N.S.W., 20.x.1969; 
D32639, 6km SW Robertson, N.S.W., 22.x.1969; D43666, Brown Mtn, Rutherford, 
N.SW., 23.xi1.1970. CCAE 62-3, 3.3km SW Wadbilliga Mtn, N.S.W., March 1974; 270, 
Mt Dromedary, N.S.W., Sept. 1974; 297, Wadbilliga, N.S.W., March 1974; 288, Barren 
Grounds, N.S.W., April, 1974; 355-357, Mt Dromedary, N.SW., 20.x1.1974; 493-495, 
Brogo River, N.S.W., Jan 1976; 497-99, Wadbilliga, N.S.W., Jan 1976. MAMU BO0187, 
Randwick, N.S.W., 6.111.1886. NMV D26663, Club Terrace Bypass, Vic., Dec 1962; 
D26664-79, 12.5 miles W Cann River, Vic., 24.vi1.1963; D26686-87, The Gap, Bonang 
Hwy, Vic., 31.v.1968; D26690, 11.2km W Cann River, Vic., 20.x.1969; D32641, 11km W 
Cann River, Vic., 20.x.1969; D49309, 10km NW Buchan, Vic., 17.vii1.1977; D50022-24, 
Mt Elizabeth, Vic., 20.1x.1977. 
Measurement of holotype (in mm): S-V 46.0, TL 26.8, HL 14.7, HW 16.4, E-N 4.3, IN 4.2, 
E438, 0 2.4: 
Description of holotype: Adult male (S-V 46.0mm), head broader than long (HL/HW 0.90). 
Head length approximately one-third body length (HL/S-V 0.32). Snout round in 
dorsal and lateral aspects, projects slightly (Fig. 2). Snout not prominent, distances 
from eye to naris slightly more than internarial span (E-N/IN 0.98). Nares more 
superior than lateral. Eyes prominent and large (E/T 2.0). Canthus rostralis distinct, 
slightly concave when viewed from above. Prominent supratympanic fold terminating 
above axilla. Submandibular gland absent. Vomerine teeth small, located between 
choanae (see Moore 1961, Fig. 55). 

Fingers long with prominent discs wider than digits. Trace of webbing between 
fingers 3 and 4. Fingers, in order of length, 3 >4 >2>1 with well advanced subarticular 
tubercles (Fig. 3a). Posteroventral ridge along forearm. 

Hind limbs long and slender (TL/S-V 0.58). Webbing between toes not extensive, 
the disc and one phalange of the fourth toe are free (Fig. 3b). Toes 2 and 3 with promi- 
nent discs; disc on other toes not extending beyond lateral extremities of digit. Toes, in 
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Fig. 2. Lateral view of the head of Litoria littlejohnt (AMS R95802). 
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Fig. 3. Undersurfaces of the right pes (Fig. 3A) and right manus (Fig. 3B) of Litoria littlejohni sp. nov. 
(AMS R95802). 


order of length, 5>4=3>2>1. A small inner metatarsal tubercle and a very small 
central metatarsal tubercle present. 

Etymology. The species is named for Dr Murray Littlejohn, of the University of 
Melbourne, in recognition of his outstanding contributions to anuran biology. 
Diagnosis: Moderately large brown frog (female S-V 52-68mm; male S-V 40-51mm). 
Head broader than it is long (HL/HW = 0.91). Distinctive red orange colouration in 
axillae, around the groin and along the undersurface of the thighs. L. lzttlejohni differs 
from all other Lztoria species in its mating call (call duration 7-9 sec, notes/call 7.8-10.7, 
note duration 250-670 msec, pulse repetition rate 500-700 msec. and dominant 
frequency 1683-2500 Hz; Table 1). 

Variation: L. littlejohni exhibits marked sexual dimorphism with females usually more 
than 30% longer than males. Mean S-V of males (N=75) 45.8mm. Mean S-V of females 
(N=13) 59.1mm. No significant differences were found between male and female 
specimens for other measurements. The combined means were: TL/S-V = 0.534 (range 
0.48-0.58); HLK/HW = 0.910 (range 0.83-0.97); HL/S-V = 0.32 (range 0.30-0.37); 
HW/S-V = 0.35 (range 0.31-0.37); IN/E-N = 0.91 (range 0.87-0.94); ET = 1.83 (range 
)3=72-10)). 

Colour in Life: Dorsum of body and flanks light brown with a broad dark band (which is 
indistinct in some specimens) from between the eyes to the cloaca; belly white or cream; 
anterior and posterior surfaces of the thighs and groin, and the axilla are bright orange 
red. Iris light golden brown. A dark brown bar occurs from the tip of the snout through 
the nostrils, on the lateral aspect of the canthus rostralis and of the supratympanic fold 
to the axilla of the arm. 
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KARYOTYPE 


Diploid number of chromosomes is 26. All chromosome pairs are biarmed, either 
metacentric or submetacentric. A secondary constriction, identified as the nucleolar 
organiser region (NOR) by silver staining, lies subterminally on the long arm of pair 11. 
A small satellite is terminal to the NOR although it is not always apparent (Fig. 4). 


Bo OU ow ye oe on. . 
J 89 88 fio a8 G8 85 58 ha a8 ge oe oe AL. 


Fig. 4. Karyotype of Litorza littlejohni (inset, silver stained NOR on pair 11). Scale bar um. 


MATING CALL 


Mating call is composed of a series of rapidly repeated notes (6-14). Dominant 
frequency varies from 1683-1950 Hz (Table 1). The call lasts from 5-12 seconds and 
sounds like a ‘slow, reedy whisile’ (Barker & Grigg, 1978; listed as L. jervistensis). 

Martin & Littlejohn (1966) listed the physical characteristics of the mating call of L. 
littleyohni (as Hyla jervistensis). The call data presented was recorded at a particularly low 
temperature (wet bulb 8°C). Temperature effects on mating call structure have been 
noted (Littlejohn, 1965), particularly temperature induced changes in frequency. In 
recording L. littlejohni in the Royal National Park, near Sydney (wet bulb 14°C), the 
dominant frequency was higher and note duration less (White et al. 1980). 

Litoria littlejohni calls recorded around Sydney (Darkes Forest and the Royal 
National Park) are highly distinctive because of a characteristic drop in frequency at 
the conclusion of each note. This was not found by Martin & Littlejohn (1966) for a 
specimen from the Cann River, Victoria. The significance of these differences in call 
structure 1s not known. 

The calling sites used by male L. Jittlejohni vary but are most often on the ground 
or in very low vegetation. Males have been most frequently observed calling around 
the edges of temporary muddy pools in forest clearings. They have also been observed 
calling from bitumen road surfaces and rock piles during very heavy showers. 


TABLE 1 
Mating calls parameters of Litoria littlejohni sp. nov. 


Wet Bulb Call Note Pulse Dominant 

Air. Temp. Duration Notes/ Duration Repetition Frequency 
Locality (C) (Secs) Call (msec) Rate (HZ) 
Royal National 14 6.7 7.8 250 _ 1950 
Park, N.S.W. 5.5-8.0 7.0-9.0 210-300 1700-2500 
Darkes Forest, — 7.8 8.0 620 -- 1800 
N.S.W.* 7.0-8.8 6.0-10.0 500-650 1600-2100 
Cann River, 8 9.1 10.7 670 38.5 1683 
Victoria.» 6.0-12.3 7.0-14.0 640-700 379-3934 1600-1750 


* Grigg & Barker (1973) 
b Martin & Littlejohn (1966) 
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Fig. 5. Distribution of Litorza littlejohni. The type locality is indicated by a star, other localities from which 
specimens have been examined by a closed circle. 


DISTRIBUTION 


Litoria littlejohni is confined to eastern New South Wales and Northeastern Victoria 
(Fig 5), ranging from Watagan State Forest, near Wyong, NSW, to near Buchan, 
Victoria. Specimens have not been collected further inland than the Blue Mountains 
(for example, Bell, Blackheath and Mt Wilson). L. lzttlejohni seems to occur on hills or 
mountains at low altitudes, and the highest elevations from which it has been collected 
are atop the Illawarra escarpment in N.S.W. (850-1,000 m a.s.1.). 
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HABITAT 


Litorza littlejohni is distributed over a wide range of habitats but is not common 
~ in any of these habitats. The species occurs in wet and dry sclerophyll forest, coastal 
woodland and heath. Customarily it is encountered only during heavy rains, particu- 
larly in spring and summer. During periods of extensive rain, the species is most often 
found in temporary pools on the forest floor. It has been most often observed on the 
ground, occasionally it has found in low shrubs but has not been observed in trees or 
more than 2 metres above ground level. Shelter sites for the species are unknown. 

The common name ‘Heath Frog’ was applied by White et al. (1980) because of the 
historical observations of Krefft (1863), Fletcher (1889) and Moore (1961) that the species 
is often found on ferns or cycads in near-coastal heath. This name is not totally apt as the 
species has been found in woodland and sclerophyll forest where these understory plants 
do not occur. 


REPRODUCTIVE BIOLOGY 


Martin & Littlejohn (1966) presented detailed information on breeding biology, 
behaviour and larval development (as L. jervisiensis). Calling males were noted in the 
months of August through to May. Larvae were also collected in August and March. 

L. littlejohnt was observed calling in November 1977 (in the Watagan State Forest, 
NSW), in December and January 1978 (at Bell, NSW) in January 1979 (at Darkes 
Forest, NSW), in February 1980 and 1981 (in Royal National Park and Watagan State 
Forest, NSW). Axillary amplexis was observed in January 1979 (at Bell, NSW) and 
February 1980 and 1981 (at Royal National Park and Watagan State Forest, NSW). 

Oviposition has been noted only in temporary pools and pools filled with run-off 
water after extensive rainfall. The eggs were attached to floating twigs or branches. 
Martin & Littlejohn (1966) were unable to find any suggestion of a reduction in larval 
development despite the very temporary nature of the pools in which the eggs are laid. 
The type specimen of L. littlejohni was collected from a temporary pool in the Watagan 
State Forest. Some of the frogs were spawning. The pool was also used by mating 
Lechriodus fletcher: (Boulenger), a species with carnivorous tadpoles. Predation between 
tadpoles was not observed. Recently metamorphosed froglets were found in February 
1979 at Tianjara Falls, NSW. 

These observations indicate that the species is opportunistic, breeding at most 
times of the year (except mid-winter) whenever sufficient run-off water 1s available. 
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This paper describes new improved techniques to visualize microtubules in sztu 
by immunofluorescence microscopy of thick plant tissue sections. The essential 
components of the technique include slow infiltration of the fixed tissue in 1.5-2 M 
sucrose (which acts as a cryoprotectant and gives physical support to the tissue during 

/ frozen sectioning) and post-infiltration embedding in 10% gelatine in 1.5 M sucrose 
which provides further support to the tissue and prevents fragmentation during section- 
ing. A new method for coating glass slides with poly-L-lysine is also described, which 
dramatically improves the success of section-adherence to the slides during immuno- 
staining. Examples are given of successful microtubule localization in root tissue 
of Pisum sativum using these methods. This improved technique provides a reliable 
investigative tool with which to elucidate the mechanisms underlying the cytoskeletal 
control of plant cell growth and morphogenesis. 


J. M. Hush and R. L. Overall, School of Biological Sciences, Macleay Building, University of 
Sydney, N.S.W. 2006, Australia, and C. R. Hawes, Department of Plant Sciences, Oxford Univer- 
sity, South Parkes Road, Oxford OX1 3PF, England; (C. R. Hawes, present address, School of 
Biological and Molecular Sciences, Oxford Polytechnic, Gypsy Lane, Headington, Oxford OX3 
OBP, England); manuscript received 4 June 1991, accepted for publication 25 March 1992. 


INTRODUCTION 


Microtubules are filamentous assemblages of tubulin proteins which form a major 
component of the complex cytoskeletal network that extends throughout the cytoplasm 
of plant and animal cells. The cytoskeleton as a whole, and microtubules in particular, 
play a myriad of roles in the regulation of cell and organismal development. For 
instance, the cytoskeleton 1s directly responsible for motility and muscle contraction 
in animal cells and it provides the machinery for intracellular organelle traffic in 
both plant and animal cells (Alberts et al., 1989). In plant tissues, microtubules are of 
particular importance since they are known to play a specific role in orchestrating axes 
of cell expansion and cell division and can thus directly influence spatial development 
and morphogenesis (e.g. see reviews by Hardham, 1982; Seagull, 1989). 

To understand exactly how microtubules can orchestrate such precise spatial and 
developmental control in cells of whole plant tissues it is essential to be able to examine 
microtubule arrays of many cells zm sztu. It first became possible to observe microtubules 
in plant cells in 1963, due to improved cytochemical fixation techniques (Ledbetter and 
Porter, 1963) and these dynamic tubular structures have since been identified as a 
major element of the cortical cytoplasm of most higher plant cells (Hepler and Palevitz, 
1974; Hepler, 1976; Filner and Yadav, 1979; Gunning and Hardham, 1982; Lloyd, 
1987; Seagull, 1989). Although electron microscopy has yielded much ultrastructural 
information on plant cytoskeletal organization (e.g. Ledbetter and Porter, 1970; 
Hardham and Gunning, 1978), it allows examination of relatively few cells at a time, 
and usually produces two-dimensional information on only a portion of an entire cell. In 
contrast to this, the technique of immunofluorescence microscopy (using anti-tubulin to 
visualize microtubules) allows the examination of three-dimensional cytoskeletal arrays 
in cells across large areas of tissue (e.g. Wick et al., 1989). 

Various immunofluorescence methods are currently in use for the visualization of 
microtubules in plant tissues, but there are substantial problems associated with each 
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of these methods for immunolabelling in sections of large areas of tissue (discussed 
below). This paper describes the development of a successful new protocol for immuno- 
fluorescence localization of microtubules in plant tissues. 


MATERIALS AND METHODS 


Plant Material 

The root tips of Pisum satevum L. var. Greenfeast were used as a representative 
higher plant tissue for microtubule localization. Seeds of P. satzvum (gift from Yates and 
Co. Milperra, N.S.W., Australia) were surface sterilized in 6% (W/V) NaCiO for 5 
minutes, rinsed four times in sterile distilled water (dH,O), and aseptically germinated 
in petri dishes containing 1% agar in 4% strength modified Hoagland’s solution (0.38 
mM MegsSO,.7H,O; 0.34 mM NaH,PO,.2H,O; 0.07 mM Ca(NO;),.4H,O; 1.00 mM 
(KNO,). 4 day old seedlings grown at 20 + 2°C in the dark were used in all experiments. 


Tissue Fixation 

Satisfactory tissue fixation was achieved with a standard fixation schedule of 1 
hour’s fixation in 3% paraformaldehyde (Sigma) in microtubule stabilizing buffer 
(MSB): 0.1 M 1,4-piperazine-diethanesulphonic acid (PIPES) buffer; 1 mM (MgSO,; 
2mM_ ethyleneglycol-bis-(B-aminoethyllether)-N,N,N,N!-tetraacetic acid (EGTA); 
adjusted to pH 6.9 with 1 M NaOH). Various additions and modifications were 
attempted, such as 0.05% or 0.1% ‘Triton-X 100 (to enhance antibody penetration 
through the tissue section) and 1%, 5%, or 10% dimethylsulphoxide (DMSO) to 
improve microtubule preservation (Schroeder et al., 1985). The best tissue and micro- 
tubule preservation was achieved with the addition of 0.05% ‘Triton-X and 10% DMSO 
to the fixtive. 


Tissue Infiltration 

Previously, immunofluorescence techniques have been used to visualize micro- 
tubules in cells within tissue that has been embedded and sectioned in polyethylene 
glycol (PEG) (Tiwari et al., 1984; Derksen et al., 1986) or butyl-methyl methacrylate 
(BMM) (Gubler, 1989), or cryosectioned in frozen drops of dH,O (Hogetsu and 
Oshima, 1986; Sakaguchi et al., 1988) or Tissue“Iek (Cleary and Hardham, 1989). Each 
of these methods was attempted with pea root tissue, and none was satisfactory: 
obtaining reasonable sections was difficult, particularly with large areas of more mature 
root tissue, for roots embedded in PEG (microtome sections), or frozen drops of dH,O 
or Tissue-Iek (cryosections), in which tissue tended to fragment during sectioning. An 
additional difficulty with the PEG embedding was that it was very difficult to assess 
the orientation of the tissue in the opaque PEG block. This is important because it 1s 
essential to know exactly which plane the tissue is sectioned in, so as to avoid possible 
mis-interpretation of microtubule orientation. BMM-embedded roots sectioned well, 
but immunofluorescence staining was unsuccessful either directly following the Gubler 
(1989) method, or trying modifications of it (e.g. different fixation solutions, tubulin 
antibodies or staining times), and so this approach was eventually abandoned. More 
recent modifications of this technique (Baskin, et al. (in press) ) have improved 
immunostaining of tissue embedded in BMM, although the limitation of thin sectioning 
with this technique, remains. 

It was necessary, therefore, to develop a different embedding protocol which could 
yield satisfactory sections of tissue for immunofluorescence tubulin staining. The 
problems of tissue collapse experienced with cryosections of root tissue embedded in 
frozen drops of dH,O or Tissue“Iek were reduced greatly, but not completely, by 
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embedding and cryosectioning in 1.5-2.0 M sucrose, which acts as a cryoprotectant and 
a support for the tissue during sectioning (Hawes, 1988). However, a critical step which 
_ virtually eliminated this problem is post-infiltration embedding with 10% gelatine in 1.5 
M sucrose at 37°C (after Hawes, 1988). The effects of various infiltration times were 
assessed and ease of sectioning was maximized after 2-3 hours gelatine infiltration. 


Final Fixation and Infiltration Schedule 

Root tips (about 3-5 mm in length) were cut in a drop of fresh fixative (3% 
formaldehyde, 0.05% Triton-X and 10% DMSO in MSB). After fixation for 1 hour at 
RT, the tissue was rinsed twice with MSB and perfused with sucrose, increasing the 
concentration slowly (over a day) until it reached 2 M. Infiltration was completed 
overnight while roots were left in 2 M sucrose at 4°C. Root segments were then 
incubated in 10% (w/v) gelatine (BDH Poole, England) in 1.5 M sucrose at 37°C for 2 
hours, and frozen onto cryo-stubs in a drop of 1.5 M sucrose. These stubs could be 
stored in liquid nitrogen before sectioning. 


Sectioning: Preliminary Studies 

Using a Bright Starlet 2212 Cryostat, cryosections were taken at thicknesses of 2-12 
pm and best results were obtained at 8-10 um. The temperature of the whole cryo- 
chamber was maintained at -37°C. Additionally, it was useful to control the local 
temperature of the sucrose biock and the knife blade, which could be cooled using a 
freezing spray (Histospray) or warmed by gentle breathing. The ideal combination was 
to have the knife blade colder than the face of the sucrose block. 

One of the most persistent problems encountered in developing the techniques for 
microtubule visualization was keeping cryosections well adhered to the surface of the 
slides, since these sizeable sections (approximately 3 mm x 2 mm x 10 pm) could easily 
be washed away during the immunofluorescence staining schedule. The commonly used 
methods, namely: (i) applying a small amount of poly-L-lysine (1 mg ml’) to each 
slide well and heating the slide briefly through a flame during application (Adrienne 
Hardham, pers. comm.); (ii) pipetting 10 wL of poly-L-lysine (1 mg ml") to each slide 
well, leaving covered for 1 hour in a petri dish and then rinsing in dH,O, and (11) 
coating slides with a subbing solution containing gelatin, chrome alum and ‘Teepol 
(Hawes, 1988), were all found to be unsatisfactory. A final technique which was more 
successful in keeping the large cryosections secure on the glass slides, was to place slides 
face-down on a piece of parafilm (hydrophobic laboratory plastic) containing drops of a 
high molecular weight (390,000 g mol") poly-L-lysine (Sigma; 5 mg ml") for 2-3 hours 
and then wash in dH,O (Beatrice Satiat-Jeunemaitre, pers. comm.). Finally, slides are 
heated (in a glass slide rack covered with foil) in an oven at 70°C for at least 2 hours. 
Possibly this heat step is effective due to some form of heat activation of the poly-L-lysine 
cation. 


Sectioning: Final Schedule 

Root segments were frozen in a drop of 1.5 M sucrose, and longitudinal sections 
(8-10 wm) were cut at approximately -37°C. All cryosections were made in the longi- 
tudinal plane of the root. Sections were picked up in a drop of 1.5 M sucrose in a wire 
loop and touched onto the surface of a poly-L-lysine coated multiwell slide. Alcohol 
cleaned multiwell slides were prepared by placing face down onto a piece of parafilm 
containing 4 x 15 wL drops (per slide) of high molecular weight poly-l-lysine (390,000 g 
mol") at a concentration of 5 mg ml’, for at least 2 hours. It was essential to use freshly 
prepared poly-L-lysine solutions. Slides were rinsed thoroughly in double-distilled H,O 
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and heated at approximately 70°C for at least 2 hours. Tissue sections on slides stored in 
the dark at 4°C retained immunoreactivity for many weeks. 


Tubulin Immunolabelling 

Sucrose was washed out of the root cryosections by rinsing (2 x 10 min) in MSB. 
The primary antibody used was YOL 1/34, a monoclonal rat IgG raised against yeast 
tubulin (Serotec Ltd., Bicester, England) at a dilution of 1:200 (an MSB) applied to each 
section for 1.5 hours. A rinse in MSB (2 x 10 min) preceded application of the secondary 
antibody, fluorescein isothiocyanate (FITC)-labelled sheep anti-rat IgG (Serotec) 
diluted 1:40 (in MSB), for 1-2 hours. Recently, we have found that application of the 
secondary antibody overnight in a moist chamber at 35°C, further improves tubulin 
staining. Cryosections were given final rinses (3 x 10 min) in MSB and double-distilled 
H,O (1 x 10 min) before mounting in Citifluor (Citifluor Ltd., City University, London, 
England), a glycerol-PBS solution containing para-phenylene-diamine which retards 
quenching of the fluorescence. All staining procedures were carried out at room 
temperature. In later experiments, fish emulsion (gelatin from cold water fish skin; 
Sigma) was added (1% in MSB) to all solutions after the primary antibody, which 
reduced non-specific background staining (Satiat-Jeunemaitre, pers. comm. ). 


Microscopy 

Sections were examined with a Zeiss Axiophot epifluorescence photomicroscope. 
FITC-labelled microtubules were observed using the Zeiss filter set #487917 (excitation 
blue H485 SB). Plan Neofluar objectives 2.5/0.75, 10/0.30, 40/0.75 and 100/1.30 (oil) 
and Plan Apochromat 63/1.40 (oil) objectives were used. Black and white photographs 
were taken on either Ilford HP5 400 ASA (developed in Ilford Microphen developer) or 
Ilford Tech-pan 100 ASA (developed in Ilfotech film developer). 


RESULTS 


This new protocol of sucrose-embedding, gelatine-infiltration and poly-L-lysine 
slide preparation for cryosectioning and immunostaining microtubules in plant tissues 
was particularly successful in enabling a clear examination of microtubule alignment in 
cells zm satu. This is illustrated in the immunofluorescence micrographs (Figs. 1 and 2) 
of cells in pea root tissue. Note that all micrographs are oriented with the vertical 
axis parallel to the longitudinal axis of the root, which is also the axis of reference 
for microtubule orientations (for example, ‘transverse’ microtubules are aligned 
perpendicular to the longitudinal axis of the root). 

Figure 1 shows microtubules in cells from the zones of maturation (A, B), elonga- 
tion (C) and division (D) and these micrographs indicate how this technique allows 
the various arrays and alignments of microtubules in representative cells from these 
different morphological zones to be distinguished. In all non-dividing cells, it is 
apparent that cortical microtubules are aligned in parallel arrays. In very mature cells 
which have ceased elongating, microtubules can be seen in an oblique orientation (Figs 
1A, B). However, in cells of the elongating zone and meristematic zone, a distinctly 
transverse alignment of cortical microtubules can be seen (Figs. 1C and 1D, arrow). 
Microtubules constitute the spindle, phragmoplast and the pre-prophase band in 
mitotic cells and these arrays were also clearly visualized using this technique. Figure 
1D illustrates the appearance of cells with a pre-prophase band in section (e.g. single 
arrowheads). ‘This specialized array of microtubules is found only in plant cells, exists 
transiently before and sometimes into early prophase as a tight girdle around the cell, 
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Fig. 1. Immunofluorescence micrographs of immunolabelled microtubules in P. sativum root cells. Micro- 
tubules are shown in cells at approximately 4.5 cm (A), 3.5 cm (B), 2.5 cm (C) and 1.5 cm (D) from the root 
tip. Cells in the zone of differentiation (A-B) exhibit obliquely oriented microtubules while microtubules are 
transversely aligned in cells in the zone of elongation (C). In the meristematic zone (D), transverse micro- 
tubule arrays are visible in interphase cells (e.g. arrow) and in meristematic cells, pre-prophase bands of 


microtubules (e.g. single arrowhead) and an early phragmoplast (double arrowhead) can be seen. Scale: A: 
X380; B: X260; C: X330; D: X670. 
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Fig. 2. Immunofluorescence micrographs of immunolabelled microtubules in P. sativum root cells. 
Continuous alignment of microtubules (e.g. arrows) is visible across files of cells in A and B, which are close to 
the edge (e, A) or tip (t, B) of a wedge-shaped wound. C and D show files of cells in the meristematic zone of an 
intact root tip, but in different focal planes: in one focal plane (C), some cells clearly exhibit pre-prophase 
bands of microtubules (e.g. arrow) and in another focal plane (D), a further array of microtubules arranged in 
a network across the nucleus (arrow), is revealed in the same cell. Also in the focal plane illustrated in D, a 


different cell displays a microtubule spindle (arrowhead) which was not seen in the previous plane of focus. 
Scale: A: X280; B: X300; C, D: X630. 
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and its orientation and position predicts the exact position at which the developing cell 
plate will attach during late telophase (for review, see Gunning, 1982). 

Since this method minimizes disruption of files of cells and tissue fragmentation, it 
allows visualization of the continuous alignment of microtubules across neighbouring 
cells, where this occurs in tissue. One such instance in which this does occur in plant 
tissues is in cells near a wound, where changes in the orientation of cortical microtubules 
occur shortly after wounding. Figures 2A and B show two examples of wounded pea root 
tissue where the orientation of microtubules can be seen to extend across files of 
adjacent cells close to the edge (Fig. 2A) and tip (Fig. 2B) of a wedge-shaped wound, 
made by cutting and removing a piece of tissue from the root with a microscalpel. (A 
detailed description of wound-induced changes in microtubule orientation and its role 
in organized wound repair is described in Hush et al., 1990). 

Further, this technique allows three-dimensional information about microtubule 
arrays to be elucidated. For instance, in the same cells illustrated in Figures 2C and D, 
different microtubule arrays can be detected in the two different focal planes. In one 
cell (C, arrows), a pre-prophase band is seen in section, but in another focal plane, a 
different network of microtubules can be distinguished around the nucleus (D, arrow). 
In larger, non-meristematic cells, this sort of three-dimensional information can also be 
gained from sections which are approximately the same width as the cells being 
examined, by recording photographically the microtubule orientations in different focal 
planes. 


DISCUSSION 


This new technique for the visualization of microtubules of cells 2m sztu by improved 
methods of tissue embedding and infiltration, as well as slide preparation, provides a 
useful experimental protocol where existing methods for thick sectioning of large areas 
of tissues were not adequate. 

A variety of microtubule arrays in meristematic, elongating and differentiating 
cells were readily visualized using this technique. In elongating, interphase cells up to 
3.5 cm from the root tip, transverse microtubule arrays were found to predominate. 
Hogetsu and Oshima (1986) have also observed transverse cortical microtubules 0-4 mm 
from the tip in pea roots, and they showed that about 5 mm from the tip, at which point 
cell elongation had ceased, microtubules in cortical cells were oriented obliquely. These 
observations are consistent with our findings of oblique cortical microtubules in 
differentiating and fully mature cells. 

It is particularly useful to be able to build a three-dimensional picture of micro- 
tubule arrays in plant cells, since it is the precise spatial organization of microtubules 
throughout plant cells which is responsible for the directional control that microtubules 
can exert on plant cells during growth and development. Such three-dimensional 
information about microtubule arrays can clearly be attained by recording microtubule 
alignments in different focal planes, as has been described here. For very large cells such 
as those beyond the zones of division and elongation, the same approach could be 
applied to serial sections. With reference to this, a future application of this technique 
could be to examine specimens prepared by this method using confocal scanning optical 
microscopy rather than convential light microscopy. The advantage of confocal micro- 
scopy is that non-invasive serial optical sections can be made through very precise focal 
planes of cells, and the out-of-focus blur which usually accompanies a conventional 
microscopic image is greatly reduced, producing very high-resolution images (for 
review of the application of confocal microscopy to biological specimens, see Shotton, 
1989). Furthermore, confocal microscopy could yield a very precise picture of the three- 
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dimensional distribution and arrangement of microtubules in cells by subsequent image 
processing techniques such as three-dimensional reconstruction of optical sections 
through a single cell or tissue. 

One aspect in which the technique described in this paper 1s especially successful, is 
that it enables the alignment of microtubules along files of neighbouring cells to be 
distinguished. This is of particular importance since current research to elucidate the 
mechanism by which microtubules are oriented in plant cells, presently focusses on the 
possibility that microtubules align with respect to endogenous physical fields within 
plant cells and whole tissues (Hush et al., 1990; Hush and Overall, 1991; Williamson, 
1990, 1991). In summary, this technique readily allows the immunolocalization of 
microtubules across neighbouring cells zm sztu. This may lead to a more comprehensive 
understanding of the way in which microtubules can exert precise control on the spatial 
development of plant cells and the morphogenesis of plant tissues and organs. 
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SUHARDJONO, Y. R., & GREENSLADE, P. Folsomides arnoldi n. sp. (Isotomidae): a new 


/ Collembolan abundant in arid Australia, with a redescription of Folsomides densi. 
Proc. Linn. Soc. N.S.W. 114 (1): 21-27 (1994). 


Folsomides arnold: sp. n., a species widely distributed in arid and semi-arid areas in 
Australia, is described and figured. Astephanus denisi Womersley is transferred to 
Folsomides, redescribed and a lectotype designated. A check list of the Australian 
Folsomides species 1s provided, with a table of distinguishing characters. 


Y. S. Suhardjono, Museum Zoologicum Bogorvense, Jl. Juanda 9, Bogor 16122, INDONESIA and 
P. Greenslade, Division of Entomology, CSIRO, GPO Box 1700, Canberra, ACT 2601, 
AUSTRALIA, manuscript received 24th March 1992, accepted for publication 23 September 1992. 


KEY WORDS: Folsomides, new species, Isotomidae, Australian arid zone. 


INTRODUCTION 


Folsomides Stach is an almost cosmopolitan genus, occurring on all continents 
except Antarctica. In Australia it is one of the commonest genera in the arid and semi- 
arid zones (Greenslade, 1982) and has a wide distribution there. Although only five 
species have been recorded for the continent, at least a further forty, all undescribed, 
have been distinguished in collections. Individuals of one of the new species of Folsomides 
have been collected from arid and semi-arid areas in New South Wales, South Australia, 
and the Northern ‘Territory. It appears to be one of the most common and abundant 
species in the genus, occurring widely in central Australia although rarely on sandy 
soils. As it could be considered as a ‘key-stone’ species of arid zone ecosystems and also a 
possible indicator of soil type, it is important to provide a name for the species, which is 
described below. 

Our studies of Astephanus denisi Womersley show that this species also belongs in 
Folsomides. It is redescribed here and a lectotype designated. 


ABBREVIATIONS 


Material was deposited in the following museums and collected by the persons 
listed below. 

ANIC: Australian National Insect Collection, Division of Entomology, CSIRO, 
Canberra, Australia. MZB: Museum Zoologicum Bogoriense, Bogor, INDONESIA. 
SAMA: South Australian Museum, Adelaide, AUSTRALIA. PG: P. Greenslade. 
JM: J. Mott. WN: W. Nicholas. RS: R. V. Southcott. YS: Y. R. Suhardjono. IV: I. 


Valentine. 


METHODS 


The terminology of Fjellberg (1993) and Deharveng and Oliviera (1990) is used in 
the descriptions and diagnoses, with the following abbreviations: or: subapical organite 
(Deharveng, 1981) situated dorsally on antenna IV. os sesta: small seta situated distally 
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and dorsally on antenna IV. PAO: postantennal organ. sge: external guard s’ seta 
(sensillum) of antennal III distal organ. sgi: internal guard s’ seta (sensillum) of 
antennal III distal organ. sme: external s’ seta in middle row of setae on tergite. smi: 
internal s’ setae in middle row of setae on tergite. sml: lateral s’ seta in middle row of 
setae on tergite. smv: ventral s’ seta in middle row of setae on tergite. spe: external s’ seta 
in posterior row of setae on tergite. spl: lateral s’ seta in posterior row of setae on tergite. 


Folsomides Stach, 1922 

Type species: Folsomides parvulus Stach by original designation. 

Diagnosis (Fjellberg, 1993): Body long, slender (compared with Provsotoma Borner and 
Subisotoma Stach). Head with ocelli 6 + 6 or fewer. PAO present, large, oval. Maxilla 
and mandible unmodified, 2 preclypeal (prelabral) setae, 3+3 setae along ventral line of 
head. Antenna IV without cone, ssetae present on all antennal segments. Not 
plurichaetotic. Thorax without ventral setae. Tibiotarsus without clavate tenent hairs. 
Unguis and unguiculus without teeth. All abdominal segments distinctly separated. 
Numbers of s:setae on thorax II to abdomen V distributed as follows: 33/22224, s’ setae 
on abdomen I-III in midtergite. Ventral tube moderately long, anterior face with 0+0, 
posterior 2, and lateral flap 3+3 setae. Tenaculum tridentate or quadridentate, with 1 
long seta on the corpus. Furcula short, not reaching ventral tube but well developed, 
manubrium without anterior setae, dens smooth or tuberculate, with maximum of two 
anterior and six posterior setae, mucro absent or with one or two teeth, no mucronal 
setae. Abd V, VI elongated, narrow and tapering, flexed ventrally. Reproductive males 
without modified setae x or B5 on tibiotarsus III. 


TABLE | 


Diagnostic characters of described Australian Folsomides, + denotes presence, — denotes absence 


Species of Folsomides 


Characters arnoldi centralis denisi deserticolus parvulus sexophthalmus 
No. of ocelli 5+5 6+6 6+6 6+6 2+2 6+6 
No. of setae dens, post/ant 3/1 7/2 3/0 6/1 3/0 6/1 
Maxillary outer lobe! bi bi bi bi bi bi 
B4/5 on tibiotarsus I, IT + + + + + + 
Mucro present or absent + + oo + + + 
No. of teeth mucro 2 2 0) 2 DZ 2 
Mucro with broad lamella = = = (+) = — 
Abd V length spe; ord, seta” L L S Ss M M 
No. of micro s’ setae 11/111 11/111 11/111 11/111 10/001 11/111 
Micro s’ reduced, pit insert + = + + — + 
Macrosetal type® I Ul II Ill I Ill 


1. bi, bifurcate maxillary palp, (Fjellberg, 1993). 

2. L,s’ setae nearly as long as ordinary setae; M, s’ setae half the length of ordinary setae; S, s’ setae less than 
half the length of ordinary setae. 

3. ‘Type lI, all macrosetae, 3 per segment, clear and differentiated; type II, subapical macrosetae only distinct 
on abd 4-5 median macrochaetae reduced on abd I, clear and erect on abd 2-5; type III, as type II but 
median macrochaeta also reduced on abd 2-3 (Fjellberg, 1993). 


Folsomides arnoldi n. sp. 
(Fig. 1; Table 1) 
Holotype: 9 (slide), NEW SOUTH WALES, Lake Mere Stn, 30.15S 144.53E, 38 km 
N Louth, groved mulga, soil sample, 6-8.1x.1991, PG and YS I 22617 SAMA). 
Paratypes: 9 99 (slides), 10 individuals (alcohol) from the same locality, 6-8.1x.1991, 
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PG. and YS. Deposited: 5 slides and 10 in alcohol in SAMA, 1 slide (ANIC), 3 slides 
(MZB). 

Other material examined: SOUTH AUSTRALIA, Koonamore, 32.07S 139.22E, 
mulga leaf litter, 18.i1v.1971, PG, 1 slide, mallee leaf litter, 30.v.1971, PG, 2 slides, saltbush 
and mallee leaf litter, 15.1v.1973, PG, 2 slides, mallee and Heterodendron leaf litter, 25- 
26.11.1973, PG, 5 slides, 17-18.11.1974, 2 slides, 30.v.1977, PG, 1 slide, soil under saltbush 
and bluebush, mulga and Evemophila, 3-5.iv.1979, PG, 4 slides, mulga leaf litter, 
17.1979, PG, 3 slides; Great Victoria Desert, 132k N Cook, 29.33S 130.08E, mallee leaf 
litter, 28.vii1.1980, PG, 2 slides; Vokes Hill Corner, 28.338 130.40E, leaf litter under 
mulga and grasses, 9.X%.1976, PG, 1 slide; 7 km NW Morgan, 34.02S 139.40E, leaf litter 
under Lyczum and bluebush, 18.x11.1976, PG, 2 slides; Mabel Creek, 29.10S 134.15E, soil 
under mulga and on sand dunes, xi. 1984, PG, 4 slides; Flinders Ranges, Oraparinna, 
31.22S 138.43E, under titree and mallee, 20.1x.1971, PG, 2 slides; Anna Creek, 43 km S 
homestead, 28.578, 136.10E, Acacia leaf litter, 3.x.1978, PG, 1 slide. NEW SOUTH 
WALES, Mundi-mundi, 31.538 141.02E, saltbush leaf litter, 1.1973, IV, 1. slide; 
Kinchega N.P., 32.298 142.21E, soil, WN, 2 slides; Emmet Vale, 10 km N Wanganella, 
35.138 144.46E, 11.1973, saltbush leaf litter, IV, 2 slides; Fowlers Gap, 2.5 km N of 
homestead, under River Red Gum, 31.05S 141.42E, xi. 1979, PG. NORTHERN 
TERRITORY, Alice Springs, Kunoth Paddock, 23.318 133.35E, 27.x.1974, PG, 1 slide; 
S.W. Katharine, Manbulloo, 14.318 132.12E, soil, 1.1981, JM, 3 slides. All specimens 
deposited in SAMA. 

Description. Body length ca 0.7 mm, white, covered with long smooth setae. Macro- 
chaetae fairly well developed, with subapical, median and lateral macrochaetae distinct 
on all thoracic and abdominal segments; ratio length abdomen V median macro- 
chaetae:adjacent ordinary setae = 4:3. Ratio of head:thorax:abdomen = 0.7:1:1.9. 
Cuticle finely reticulate. Ratio of antenna: diagonal of head = 1:1. Ratio of antennal 
segments [:II:II:1V = 1.0:1.38:1.5:2.5; antenna I with 11 setae, including 1 curved and 1 
blunt ssetae, and 2 basal microsetae; antenna II with 13 setae and 1 sseta; antenna III 
with 17 setae, antenna III organ consisting of 2 small pegs and two accompanying rods; 
apex of antenna IV with or and os-setae, and ca 9-13 curved s-setae of unequal size. 
Ocelli 5+5, equal in size, situated on two dark patches, close together. PAO elliptical to 
broadly elliptical, not constricted at the middle, about three times longer than diameter 
of the eye, with 3-4 setae at posterior margin. Maxillary palp bifurcate, 3+3 sublobals. 
Tibiotarsi I, II, and III with 20, 20, 22 setae respectively, seta B 4/5 present. Ratio of 
length of unguis: unguiculus = 1.6:1. Ratio of abdominal segments [:II:HI:1V:V:VI = 
7.5:7.5:7.0:9.0:5.0:3.5. Axial seta thorax II to abdomen VI are 6,4/3,3,3,5,2 plus 1 
unpaired, 2 and 2 unpaired. Distribution of microsensilla from thorax to abdomen III 
as 11/111. All microsensilla set in cup-like depressions and appearing as small hooks. 
Thorax II and III with smi, sml, smv thin, small, 0.7-0.8 times shorter than ordinary 
setae. Abdomen I-IV with smi and smv slightly shorter, smi more posterior on abdomen 
IV. Abdomen V with 1 long, curved, very thick (spe), and 1 straighter (spl) s’-setae in 
p-row, similar in length to adjacent setae; 2 thin s’-seta (smi and sme) in m-row, almost 
the same length as ordinary setae, 2 setae between the two smi, and | seta between smi 
and sme and spe and sp]. Rami tenaculum with 3 + 3 teeth, one seta on corpus. Furcal 
subcoxa with 9 (7-11)/4-5 setae. Manubrium with 9 + 9 setae. Dens with 3-4 setae. 
Furcula with mucro not well separated from dens, with only a small constriction on the 
dorsal side. Ratio of manubrium:dens:mucro = 5:3:1. Posterior manubrial surface with 
12 setae in a symmetrical arrangement, dens with 3 (rarely 4 setae) on posterior and 1 
constant seta on anterior side (4/1 or 3/1), with 15% of specimens having 3/1 setae. 
Mucro bidentate. 
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Fig. 1. Folsomides arnold: n. sp., paratype Q: a, dorsal chaetotaxy, with enlargements of lateral, ventral and 
posterior s’ setae (sl, sv, sp); b, ocelli and PAO, scale as c; c, antenna IV dorsal view; dens, antenna segments I, 
II and III, dorsal view, scale as c; e, ventral chaetotaxy of tibiotarsus III, scale as c; f, anterior chaetotaxy of 
tibiotarsus III, scale as c; g, ventral tube, lateroposterior view, scale as c; h, ventral tube, lateral view, scale as 
c; 1, tenaculum, ventral view, scale as c; j, manubrium ventral view, scale as c; k, dens and mucro, lateral view 
showing normal chaetotaxy of 3 dorsal and 1 ventral setae, scale as c; 1, dens and mucro lateral view showing 
variation in chaetotaxy of 4 dorsal and 1 ventral setae, scale as c; m, furcal subcoxa, ventral view; n, 
chaetotaxy of abdomen V, lateral view, scale as m; o-s’, variation in length and shape of s’ setae and ordinary 
setae on abdomen V of specimens from different localities, 0, smi, p, sme, q, spi, r, spe, s, ordinary setae; 
localities: 1. Katharine, 2. Alice Springs, 3. Lake Mere, 4. Mundi-mundi, 5. Koonamore, 6. Morgan, 
7. Emmett Vale. 
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Variation: Length of s*setae (smi, sme, spi, spe) are variable in this species (Fig. 1). The 
variability appears to show a cline with latitude; low latitude specimens have s‘setae 
shorter than specimens from higher latitudes (Fig. 1 o-s). 

Distribution: Arid, semi-arid areas of N.S.W., S.A., NT. 

Comments: Folsomides arnold: differs from all other Folsomides species described from 
Australia in having 5 + 5 ocelli, 4(or 3) + 1 dental setae, and s’seta as long as ordinary 
setae on abdomen V. The combination of these characters is unique to this species. 

It is found sometimes in leaf litter but predominantly soil, under a range of arid 
zone shrubs and trees belonging to the genera, Atriplex, Maireana, Acacia, Eucalyptus, 
Eremophila and Heterodendron. 

The Australian Folsomides differ from their European congeners (Fjellberg, 1993), 
in invariably possessing 11/111 microsensilla on the body and in the form of these 
microsensilla, each being reduced to a minute spine inserted in a large pit. The closest 
European species of F arnold: is EF. portucalensis Gama. Several differences between 
F. portucalensis and F- arnold: can, however, be found apart from the differences in form of 
microsensilla. F. portucalensis has sp-setae on abdomen V slightly shorter than sm-setae, 
and not thicker, a mucro sharply set off from dens, with a distinct lateral lamella 
running from subapical tooth to anterior base, a variable chaetotaxy to the dens, 
posterior side with 2-6 setae, anterior seta rarely absent and manubrial chaetotaxy 
variable. Folsomides arnoldi has abdomen V with sp-setae longer and thicker than 
sm-setae, mucro not well separated from dens or separated by a constriction on dorsal 
side, mucro without lamella, chaetotaxy of dens not very variable, posterior side with 
3-4 setae, 1 constant anterior seta and manubrial chaetotaxy not variable. 


Folsomides denisi (Womersley) comb. nov. 
(Fig. 2) 

Lectotype hereby designated: Q, on slide, Victoria, Fishfalls, Wartook, in moss, 
30.x11.34, RS (labelled ‘cotype’) (SAMA I 22315). 

Paralectotypes: 17 specimens, on two slides, same locality data and date. 

Description. Body length 0.65 mm, grey, covered with short smooth setae. Macro- 
chaetae fairly well developed, subapical macrochaeta only distinct on abdomen 4-5, 
median macrochaeta reduced on abdomen I but clear and erect but short on abdomen 
II-V; ratio length abdomen V macrochaeta: ordinary setae = 1.4:1. Ratio of head: 
thorax:abdomen = 1:1.4:2.6. Cuticle very finely reticulate. Ratio of antenna:diagonal of 
head = 1:1.2. Ratio of antennal segments [:IL:III:TV = 1:1.1:1.28:2.2; antenna I with 11 
setae, 1 curved and 1 blunt s‘setae, and 2 micro-setae. Antennal II with 13 setae and 
1 s‘seta. Antennal III with 17 setae, antenna III organ consisting of 2 small pegs with a 
further one ventrally and two short accompanying rods (sgi and sge). Apex of antenna 
IV with or and os-setae, and at least 9 curved s’-setae. Ocelli 6 + 6, equal in size, on 3 
small darkly pigmented eye spots. PAO with slight median constriction and with 3 
adjacent setae. Maxillary palp simple with three sublobal setae. Tibiotarsi I, I, and II 
with 20, 20, 22 setae respectively, seta B4/5 present. Ratio of abdomen I:II:III:1V:V:VI 
= 2.4:2.2:2.2:2.8:2.2:1. Axial setae from thorax II to abdomen VI 6,4/3,3,3,4,2 = 1 
unpaired setae, 1 + 2 unpaired setae. Microsensilla arranged from thorax to abdomen 
as 11/111, in form of a tiny spine in small pit. Thorax II to abdomen IV with smi, sml, 
smv (only on thorax) cylindrical, short, 0.4 times shorter than ordinary setae. Abdomen 
I-IV with smi very slightly longer, being half length of ordinary setae on abdomen IV. 
Abdomen V with two short, curved, cylindrical (spe spl) s’-setae in p-row, Just under 
half the length of adjacent ordinary setae; 2 thinner s’-seta, (smi and sme) in m-row, 
about half length of ordinary setae; 1 seta between the two smi setae, and 1 set between 
smi and sme and spe and spl. Rami tenaculum with 3 + 3 teeth + 1 seta. Furcal 
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subcoxa with 5-6 anterior and 3 posterior setae. Ratio of manubrium:dens = 2.2:1. 
Posterior manubrium normally with 10 or 11 setae (rarely 12). Dens lacking mucro and 
with 2 posterior and 1 anterior setae. S’ setae on abdomen V cylindrical, about half 
ordinary seta in length, spi and spe both in m row and spv in p row, spv slightly thicker. 


Fig. 2. Folsomides denist (Womersley). lectotype Q and paralectotype ©’: a, abdomen IV and V dorsal 
chaetotaxy; b, ocelli and PAO; c, furcal and furcal subcoxae, ventral view, scale as a; d, furca, lateral view, 
scale as a; e, tibiotarsus III, ventral view, scale as b; f, tibiotarsus III, lateral view, scale as b; g, ventral tube, 
ventral view, scale as a; h, tenaculum, ventral view, scale as a b. 


Comments: This species conforms in all details of arrangement and position of s*setae, 
tibiotarsal setae, furcal, antenna and preclypeal setae with those of Folsomides and is 
hereby transferred to that genus. Species in the genus Astephanus have a different 
chaetotaxy and cuticle. Folsomides denisi differs from all other known Australian Folso- 
mides in the loss of the mucro. Fyellberg (1993) records and describes six species lacking a 
mucro but none have the same combination of 6 + 6 ocelli, 11/111 micro s’setae and 2/1 
setae on dens as F denisz. In addition, in & denisz the micro s’setae are reduced to a small 
spine and inserted into a deep pit, as for all Australian species apart from F centralis and 
F. parvulus. 
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CHECK LIST OF AUSTRALIAN FOLSOMIDES SPECIES 
Folsomides arnoldt Suhardjono and Greenslade INES SeAa IN Te 
Folsomides centralis (Denis) Old, N.S.W., N-T. 


Proisotoma centralis Denis, 1931: 111 
Folsomides centralis Suhardjono, 1989 


Folsomides denisi (Womersley) nov. comb. Vic. 
Astephanus denist Womersley, 1935: 215 

Folsomides deserticolus * Wood S.A. 
Folsomides deserticola Wood, 1970: 79 

Folsomides parvulus Stach Qld NiSIW,, Wie.)S:A., NA. 
Folsomides parvulus Stach, 1922: 17 

Folsomides sexophthalmus (Womersley) W.A. 


Proisotoma sexophthalma Womersley, 1934: 100 
Folsomides sexophthalma, * Wood 1970: 82 


* Wood (1970) considered Folsomides as feminine although it was erected by Stach 
(1922) unambiguously as masculine. 
Characters to distinguish the species are given in Table 1. 
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d complex (Muridae: Rodentia). Proc. Linn. Soc. N.S.W. 114 (1): 29-43 (1994). 


Melomys matambuai n. sp. is a large member of the Melomys rufescens complex of 
murid rodents that is endemic to Manus Island, Papua New Guinea. Morphological 
and biochemical analysis has revealed greater diversity than was previously appreciated 
within M. rufescens. Melomys matambuai n. sp. 1s apparently arboreal, and is known from 
garden and secondary growth habitats. 


T. Flannery, D. Colgan and J. Trimble, Australian Museum, College Street, Sydney; manuscript 
received 2 June 1992, accepted for publication 16 December 1992. 


INTRODUCTION 


Manus Island is a large, yet isolated, island lying at 1°S 147’ E, approximately 290 
km north of the Sepik River mouth and 290 km west of New Hanover in the Bismarck 
Archipelago (Fig. 1). It is still well forested although logging operations are under way in 
the western part. A diverse bat fauna has been recorded for Manus (Koopman, 1979) 
but the only non-flying land mammals previously reported are Rattus exulans ‘Taylor, 
Calaby and Van Deusen, 1985, Spilocuscus kraemerr Flannery and Calaby, 1987 and 
Echymipera kalubu (Lesson) (as E. cockrelli ‘Thomas, 1914). Research currently under way 
by Tim Flannery, Matthew Spriggs and Corrie Williams indicates that all three of these 
species have been introduced by humans during the Holocene. Here we report on a 
fourth species, which is endemic. The holotype was collected during a survey of the 
mammals of Manus Island undertaken during 1988, which will be reported on 
elsewhere. 

Melomys matambuai n. sp. is a member of the Melomys rufescens complex, geographi- 
cally the most widespread of the Melomys species complexes. In addition to the material 
from Manus described here, it is represented in the Solomon Islands by Melomys 
bougainville ‘Troughton, in the Bismark Archipelago by the nominotypical form and on 
mainland New Guinea, and islands as far west as Japan and Waigeou, by a complex of 
taxa which remain poorly resolved. Little recent taxonomic revision has been carried 
out within the complex, although Flannery and Wickler (1990) have recognised Melomys 
bougainville from the Solomon Islands as being distinct from Melomys rufescens (Alston). 
Our electrophoretic and morphological analyses shed some light on the taxonomy of the 
remainder of the MZ. rufescens complex, but this is not pursued here for our purpose is 
primarily to elucidate the systematics and affinities of the Manus animals. 


MATERIALS AND METHODS 


Electrophoresis was performed on ‘Titan III (Helena Laboratories) 76mm? 
cellulose acetate gels according to standard procedures (Richardson et al., 1986). Gels 
were run for 60’ with a constant potential drop of 200V between electrodes. Staining 
protocols were adapted from Harris and Hopkinson (1976) and Richardson et al. (1986). 
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Fluorescence methods were used for esterase. Stains were applied after quickly mixing 
with 2 ml of molten 2.5% agarose. Generally, samples were run at least twice for each 
enzyme. The enzymes stained, abbreviations used herein, E.C. numbers, running 
buffer and number of presumptive genetic loci are given in Table 1. Samples of liver 
tissue were ground in | volume of tissue to 1 volume of homogenising buffer (Colgan, 
1986) in hand-held glass homogenisers. The preparation was centrifuged at 13,500 rpm 
in an MSE Microcentaur centrifuge and the supernatant divided into three aliquots 
which were frozen at -80°C awaiting electrophoresis. 


TABLE 1 


Summary of Electrophoretic Procedures. The columns give, in order, the name of the enzyme, its abbreviation used herein, 
E.C. number, running buffer and number of presumed genetic loct. Details of running buffers are given in Colgan (1986). 


Enzyme Abbreviation E.C. No. Buffer Loci 


Adenosine deaminase ADA BJD ass TEM 50 1 
Adenylate kinase AK Zell feo TEM 50 1 
Aspartate aminotransferase AAT 2.6.1.1 TC 100 2 
Esterase EST 3.1.1.1 TEM 50 2 
Fructose diphosphatase FDP 3.1.3.1 TEM 50 1 
Fumarate hydratase FUM Ae Dele? TEM 50 1 
Glucose-6-phosphate dehydrogenase G-6-PDH 1.1.1.49 TC 100 1 
Glucosephosphate isomerase GPI 5.3.1.9 TEM 50 1 
Glyceraldehyde phosphate dehydrogenase GA-3-PDH 1.2.1.12 TEM 50 2 
a-Glycerophosphate dehydrogenase GPD 1.1.1.8 TEM 50 1 
Hexokinase HK 2.7.14 TEM 50 1 
Isocitrate dehydrogenase IDH 1.1.1.42 TEM 50 2 
Lactate dehydrogenase LDH 1.1.1.27 TC 100 1 
Malate dehydrogenase MDH 1.1.1.37 TEM 50 2 
Malic enzyme ME 1.1.1.40 TEM 50 1 
Mannosephosphate isomerase MPI 5.3.1.8 TEM 50 1 
Phosphoglucomutase PGM BAe oo TEM 50 1 
6-Phosphogluconate dehydrogenase 6-PGDH 1.1.1.44 TEM 50 1 
Pyruvate kinase PK 2.7.1.40 TEM 50 1 


Samples which were electrophoretically processed are indicated in Appendix 1 
(see Fig. 1 for localities). Allozymes identified during this study were alphabetically 
designated in order of their relative anodal mobility. Different loci encoding the same 
enzyme were numbered in order of anodal mobility. Results were analysed using 
Swofford’s BIOSYS-1 package (Swofford and Selander, 1981). Dendrograms were 
produced for all available distance metrics and for a variety of distance Wagner 
procedures. The results of these analyses were all very similar, except where indicated in 
the ‘Results’ section below. Melomys rubex Thomas, M. lanosus Thomas and M. rattoides 
Thomas were included as outgroups. 

All measurements are in mm and weights in grams. For the purpose of morpho- 
metric analysis eight cranial measurements were made (see Table 3), along with four 
external measurements and weight. Except for the subadult paratype of M/. matambuai 
only adults (determined by the basis of degree of basilar fusion) were used in the 
morphometric analysis. BZM = Berlin University Museum mammal specimen, 
LACM = Los Angeles County Museum mammal specimen, M = Australian Museum 
mammal specimen. Colours, where capitalised, follow Smithe (1974). 
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Fig. 1. Map of Papua New Guinea and surrounding islands showing localities of samples used for electro- 
phoresis. Localities 1-4 are in West Sepik Province, 5-7 and 18 are in Southern Highlands Province, 12-13 in 
Madang Province, 8-11 in Chimbu Province, and 15 in Central Province. 1 = Torricelli Mountains, 2 = 
Yapsiel area, 3 = Telefomin area, 4 = Munbil area, 5 = Bobole area, 6 = Namosado area, 7 = Waro area, 8 
= Noru area, 9 = Doido area, 10 = Yuro area, 11 = Haia area, 12 = Karkar Island, 13 = Siar area, 14 = 
Polomou area Manus, 15 = Mt Albert Edward, 16 = Madina area New Ireland, 17 = Waipo area New 
Britain, 18 = Agofia area. 


RESULTS 


Electrophoresis. A summary of the allozymic frequency data are presented in Table 2. 
Island samples are presented individually. The mainland samples were pooled within 
administrative provinces. Four main points are noticeable. 

(1) The sample from Manus is genetically distinct from all other Melomys in the 
study, having allozymes of GPI, PGM and FDP which are found nowhere else. It is 
separated from all M. rufescens populations in all phenetic analyses (Figure 2), but is 
clearly more similar to these than to any other species tested. In distance analyses 
including all loci (Figure 3), MZ. matambuaz is shown as the sister group of New Ireland 
M. rufescens, albeit that they are separated by very long branch lengths. 

(2) M. lanosus is a poorly known species so that when Flannery (1990) considered, on 
the grounds of morphological and habitat differences, that it is distinct from M. rattozdes 
he suggested that further investigation of the long-footed Melomys species was required. 
The data reported here show that the taxa are genetically distinct. There are 6 fixed 
allozymic differences (of 19 loci) between the samples. 

(3) Some genetic structuring can be seen in M. rufescens. Most samples (those from 
West Sepik, Madang and Central Provinces) cluster together. Samples from Chimbu 
Province comprise a second group and those from Southern Highlands Province a 
third. There are genetic differences between the groups. Samples from the Bismarck 
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Fig. 2. Phenogram of relationships of Melomys populations based on Nei’s unbiased genetic distance. Loci with 


data missing for some populations were not used in this analysis. 
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Fig. 3. Distance Wagner tree based on Wrights modification of Roger’s genetic distance between MM. 
matambuai and M. rufescens pooled samples. All loci were used in this analysis. 


Archipelago also cluster together as a distinct group. For instance, the GPD A allozyme 
is seen nowhere apart from Chimbu Province animals (although it is not fixed there). 
The LDH B allozyme is fixed in this group and is found otherwise only in the Manus 
sample where it may be independently evolved. This allozyme is not present in any 
other mainland M. rufescens samples. Chimbu Province samples are distinguished from 
the Southern Highlands samples by the absence of LDH B and by a fixed difference for 
AAF1. The EST-1 C allozyme is the most frequent form in the Chimbu and Southern 
Highlands Province samples, and is found elsewhere in M. rufescens only in Karkar 
Island. At EST-2, the A allozyme 1s fixed in the Southern Groups B and C, but the D and 
E allozymes are the most abundant elsewhere in M. rufescens. 

(4) Morphologically, the sample of M. rufescens from New Britain (AM M21234) is 
somewhat aberrant. It is subadult (wt 61 g, basilar unfused; thus not included in the 
morphometric analysis), and the dorsal fur is short and dark brown, while the fur of the 
venter 1s grey-based with short yellowish tips. The tail, however, is uniformly black and 
typical of M. rufescens. Genetically, the individual has two differences (among 22 loci) 
from the more typical M. rufescens sample from New Ireland. 

Morphology. The focus of this study was to determine the status of the Melomys 
sample from Manus Island. Uncertainty as to the status of various named forms 
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presently included within Melomys rufescens necessitated wide-ranging comparisons 
with various samples and type specimens currently included within M. rufescens. 
- Our morphological analysis uses a different but overlapping data set from our electro- 
phoretic study and reveals even more complexity within what is currently referred to as 
M. rufescens. It also adds supporting data to the notion that the Manus animals represent 
an heretofore unnamed species. 

Before considering the status of the Manus sample, it is necessary to consider the 
various populations referred to as M. rufescens, to ensure that none could represent the 
Manus population. On the basis of morphology our sample of MZ. rufescens and related 
species was broken up into seven groups as follows: 

1) The Manus sample 

2) Nominotypical Melomys rufescens from the Bismarck Archipelago 

3) Melomys bougainville from the northern Solomon Islands 

4) The northern New Guinean sample, from far west New Guinea in the west to 
near Madang in the east, including Karkar and Blup Blup Islands 

5) Short-tailed individuals from the Papua New Guinea highlands and southern 
New Guinea 

6) Long-tailed individuals from the Papua New Guinea highlands and Mt Sisa 

7) The east New Guinea sample, from the Wau area in the west to Milne Bay in 
the east. 

There are two differences between the groups defined by electrophoresis and 
morphology. The first is that the only individual available from the eastern population 
(sample 7) is not distinguishable from the West Sepik and Madang samples on the basis 
of electrophoresis. Statistical analysis, however, reveals that these substantial samples 
(4 and 7) are statistically significantly different at 0.05 (assuming equal variance) 
in interorbital width and mastoid width (two of the eight dimensions examined). 
The second area of disagreement concerns the southern New Guinean samples. The 
two southern samples (from Chimbu and Southern Highlands Provinces), which 
are somewhat different electrophoretically, are lumped here because of the very 
small sample size for adults and because morphologically they are very similar. 
Unfortunately, no material suitable for electrophoresis is available at all for the most 
distinctive of the morphological groups (group 6). 

Samples were generally too small to subdivide into age classes. There was no sexual 
dimorphism. ‘t’ tests were carried out between the various samples and the Manus 
sample. The Manus population is clearly distinguishable from all others on the basis of 
its very large size (Table 3). It is unfortunate that, because of the badly crushed paratype 
skull only a single measurement was available for some variables. Even so, for the 
variables for which ‘t tests could be carried out (hindfoot length, interorbital width, 
upper molar row length, M! width, nasal length) the Manus sample is statistically 
significantly larger at 0.1 in hindfoot length (all except samples 6 and 7), interorbital 
width (all except samples 1 and 2), cheektooth row length (all other samples), M! 
width (all other samples), and nasal length (except samples 4 and 6). For the remain- 
ing measurements, where a single specimen of the Manus population is available, 
there is no overlap with the range of any sample in bodyweight, condylobasal length, 
bizygomatic width or mastoid width. 

In their colouration and external morphology the Manus individuals fall within the 
range of variation seen in M. rufescens. The fur, however, is shorter than in M. rufescens. 
The skull does not differ greatly, except in size, from the largest specimens currently 
referred to M. rufescens although the rostrum is somewhat more robust and the parietal 
cresting is less well-developed. Because of its large size and distinctive electrophoretic 
profile we suggest that the Manus population represents a distinct species. 
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TABLE 3 


External and cranial measurements of the samples of the Melomys rufescens complex examined during the morphological 

study. HB = head-body length, TV = tail length, HF = hindfoot length (s.u.), E = ear length (notch), WT = weight, 

CB = condylobasal length, BZ = bizygomatic width, IO = interorbital width, MA = mastoid width, ML = length of 

molar row, FM = width across external faces of first upper molar, MW = width of first upper molar, NL = nasal length. 

I = M. matambuai, 2 = M. rufescens rufescens Bismarck Archipelago, 3 = M. bougainville, 4 = northern New 

Guinean sample, 5 = short-tailed individuals from the PNG highlands and southern PNG, 6 = long-tailed individuals from 
the PNG highlands and Mt Sisa, 7 = eastern New Guinea sample 


1 2 3 4 5 6 7 
HBX 151 128 138 132 118 134 135 
R 121-137 135-140 92-152 96-130 127-140 134-135 
STD = 7.07 = 13.64 10.08 5.69 - 
N 1 4 2 16 15 4 2 
TVX 141 147 133 147 143 180 150 
R = 137-158 131-135 131-175 129-163 170-195 149-150 
STD = 8.66 = 14.01 9.47 10.80 = 
N 1 4 2 16 15 4 2 
HF X 30.7 26.2 OED PBA: 25.7 29.7 28 
R 30.3-31 23.8-29 24-27 24-31 23-28.8 28-31 27-29 
STD — 2.29 — 1.63 1.37 — — 
N 2 4 2 16 15 3 2 
EX 18 16.3 12.8 15 15 17.7 17.3 
R — 15.2-17 12.5-13 13.4-17 14-16.1 17.5-18 15.5-19 
STD = 87 = 1.22 1.03 = = 
N 1 4 2 16 5 3 2 
WT X 145 88 86 87 51.7 — 75 
R = 82-95 = 56-121 33-79 = = 
STD — 5.80 1 22.35 13.47 = = 
N 1 4 1 11 12 0 1 
CBX 36.9 32.7 32.9 32.3 29.9 32 32.5 
R = B13 334 30.8-34.4 22.1-35.8 28.7-31.4 30.1-33 30.2-34.3 
STD = 0.92 1.67 2.51 0.75 1.34 1.36 
N 1 5 4 26 9 4 13 
BZ X 20.8 18 19.2 17.5 16.5 17.3 17.6 
R = 17.2-18.9 17.8-19.9 16.1-20.3 1529 “N74: 16.4-18.2 16.5-18.8 
STD = 0.67 0.94 0.89 0.52 0.75 0.82 
N 1 6 4 23 9 4 13 
IOX 6.9 6.1 6.4 5.8 5.5 5.6 5.6 
R 6.5-7.2 5.8-6.4 6.0-6.7 5.0-6.7 5.1-5.8 5.1-5.7 5.3-6.2 
STD — 0.23 0.33 0.40 0.27 0.08 0.27 
N 2 6 4 26 10 4 13 
MAX 15.5 13.5 14.1 13.4 13.0 18357/ 13.1 
R — 13-13.9 13.4-14.6 12.8-14.4 12.8-13.4 13.5-13.9 11.9-13.6 
STD = 0.41 0.51 0.39 0.18 0.17 0.49 
N 1 5 4 26 9 4 12 
MLX 7.1 6.3 6.1 6.2 6.0 6.4 6.2 
R 6.9-7.3 5.8-6.6 5.6-6.4 5.6-6.6 5.8-6.2 6.1-6.6 6.0-6.6 
STD = 0.31 0.35 0.25 0.12 0.26 0.17 
N 2 6 4 26 9 4 13 
FM X 2.2 Ie) 1.8 1.8 1.7 1.9 1.9 
R 2a 2e2 1.8-2.0 1.6-1.9 1.6-2.1 1.7-1.8 1.9-2.0 1.8-2.0 
STD = 0.10 0.13 0.10 0.04 0.05 0.06 
N 2 6 4 26 9 4 13 
MW X 7.6 7.0 UP 7.0 6.6 UP 6.9 
R — 6.7-7.4 6.6-7.6 6.4-8.0 6.4-6.8 7.0-7.5 6.6-7.3 
STD — 0.38 0.45 0.33 0.11 0.21 0.20 
N 1 3 4 26 9 4 13 
NLX 12.6 11.7 12.1 11.6 10.9 11.6 11.8 
R 12.2-12.9 10.9-13.1 11.3-12.7 10-13.2 10.2-11.3 10.2-11.7 10.9-12.8 
STD 0.50 0.75 0.64 0.77 0.32 1.11 0.62 
N 2 6 4 25 9 4 12 
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SYSTEMATIC DESCRIPTION 
Melomys Thomas, 1922 
Melomys matambuai n.sp. 


(Fig. 4, Table 3) 


Holotype. AM M19639, adult female study skin, skull, spirit body and frozen liver 
sample, collected on the 15th of June 1988 at an elevation of 200 m near Polomou DPI 
Station, south-central Manus (2°08’S 147°05’E), Papua New Guinea. 

Paratype. AM M22277 (to be returned to PNG Nature Conservation Section), adult 
female study skin, fragmented skull and body in spirit, collected by Felix Kinbag of the 
PNG Nature Conservation Section at the western end of Manus Island. 

Diagnosis. Differing from all other species of Melomys except some members of the 
Melomys rufescens complex in that the tail is uniformly black, not bicoloured dark above 
and white underneath. It is the largest member of the Melomys rufescens complex, 
differing from M. leucogaster (Jentink) in being larger, in that the bony palate is not 
thickened, and in that the tail is uniformly black rather than bi-coloured. It differs from 
all material currently referred to M. rufescens as well as M. bougaznville in being statisti- 
cally significantly larger at 0.1, assuming equal variance, in molar row length and M! 
width. It is absolutely larger in bodyweight, condylobasal length, bizygomatic width 
and mastoid width. 

Description. The holotype is a mature although not aged female skin and skull, lacking 
all but the proximal 25 mm of naked tail. It also lacks most of the left ear, and the hands 
are damaged. The paratype 1s subadult (the basilar suture is unfused) skin and skull, the 
skin of which is in good condition, but the skull is badly damaged. The fur is short, and 
ventrally is pure white to the roots, extending from the chin to the cloaca in a broad 
swathe. The dorsum is reddish-brown, close to tawny in the holotype, and slightly more 
brown in the paratype. The underfur of the dorsum of dark grey. The ears and tail are 
naked, and the tail scales are slightly raised as in M. rufescens. There is a single hair per 
tail scale, and in the holotype the scales on the remaining section of tail are hexagonal. 
On the paratype the scales are more rectangular. The hands and feet are pale, and are 
very thinly-furred dorsally. 

The holotype skull is entire, while that of the paratype has the rostrum and 

basicranial regions badly smashed, and lacks the right zygomatic arch. Where preserved 
the skulls are similar, except that the parietal crests are less-developed in the paratype. 
The skull of the holotype is largely similar to that of other members of the M. rufescens 
complex, although larger. The molars are moderately worn, and the simple crown 
patterns are still evident. 
Etymology. For Karol Matambuai Kisokau, O.B.E., a Manus man and the first 
Permanent Secretary of the Papua New Guinea Department of Environment and 
Conservation, in honour of the enormous contribution that he has made to the develop- 
ment of wildlife management and conservation in his nation. 


DISCUSSION 


Eight subspecies of M. rufescens are recognised by Laurie and Hill (1954). They are 
as follows: 
Melomys rufescens rufescens (Alston) from the islands of the Bismarck Archipelago, and the 
mountains of northeast New Guinea and eastern Papua 
Melomys rufescens stalkert (Thomas) between Ioma and Morobe, Northern Province, PNG 
Melomys rufescens gracilis (Thomas) southeast Papua 
Melomys rufescens sexplicatus (Jentink) Jayapura area, Irian Jaya 
Melomys rufescens calidor (Thomas) southwestern Irian Jaya 
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Melomys bougainville Solomon Islands (here recognised as a distinct species) 

Melomys rufescens hageni (Troughton) central highlands 

Melomys rufescens niviventer (Tate) lower Fly River 

Flannery (1990) reduces all except bougaznville and stalker: to synonyms. This study, 
however, suggests that at least some of these taxa may represent distinct species. Assign- 
ment of the morphologically and electrophoretically-based groups that we recognise 
here to the various available names is a difficult problem that we cannot fully resolve at 
present, although a little can be said. The situation regarding the insular taxa is 
relatively clear. The nominotypical form of Melomys rufescens Alston, 1877 (syn. Mus 
musavora Ramsay, 1877) is restricted to the Bismarck archipelago, while Melomys bougain- 
ville is found only in the northern Solomons. On mainland New Guinea the situation 
becomes more complex, although it appears probable that sexplicatus is the appropriate 
name for the northern New Guinean and Karkar samples. Melomys r. gracilis is distinctive 
because of its long tail and long, dense fur, there is little doubt that it is the same as our 
sample 6 (see Tables 3-4). It is highly unlikely however that it is a subspecies, as it occurs 
in sympatry with a short-tailed M. rufescens population (for which the first available 
name may be hagenz) in the Mt Hagen and Mt Sisa areas. Unfortunately, we lack tissues 
from sample 6 animals. The situation to the east and to the south of the Central 
Cordillera is complex and still unresolved. Electrophoresis suggests some differentiation 
in the south which 1s not reflected in our very limited morphological samples, and the 
names stalkeri, calidor and niviventer are all available. Clearly, all of these are distinct from 
M. matambuai (see Tables 3-4 and Fig. 2). 


‘TABLE 4 


Measurements for the holotypes of various named forms of Melomys rufescens from Tate (1951) and (bougainville and 
hageni) from AM M specimens. Sta = stalkeri, gra = gracilis, sex = sexplicatus, cal = calidor, 
boug = bougainville, niv = niviventer. See Table 4 for other abbreviations. 


rufescens sta. grac. SOX. cal. boug. hageni niv. 
HB 140 135 140 ?150 ?153 147 124 121 
TV 135 137 180 135 155 140 154 125 
HF 28 27 27 24 28 27.5 26.5 26 
E 10.5 10 12 = 10 14.3 14 14 
CB — 31.8 31.7 32.8 32.9 34.1 30 31 
BZ 17.7 17.1 16.9 17.7 17.4 19.9 16.7 16 
IO 5.9 6.0 5.2 5.5 6.2 6.6 5.6 5.6 
MA — — — — — 14.6 12.8 — 
ML 6.5 6.2 6.4 5.9 6.3 6.2 5.9 5.9 
FM 2.0 1.8 1e9 1.7 1.9 1.8 1.8 1.8 
MW — — — - - — — — 
NL 11.3 10.0 9.6 11.0 10.5 12.7 10.8 11.1 


Both known specimens of Melomys matambuai were shot while climbing in trees. The 
holotype was shot in the evening while it was climbing in low secondary growth approxi- 
mately 1.5 metres from the ground on the edge of a Cocoa plantation, while the paratype 
was shot while it was climbing in a sago palm. Despite about 100 trap-nights of effort 
using Elliott traps on the ground near the type locality, and additional effort where the 
paratype was taken, no specimens were trapped. These data suggest that M. matambuazi 
may be largely arboreal and that it inhabits secondary forest. It may be more arboreal 
than M. rufescens of the Bismarck Archipelago and New Guinea, which are readily 
trapped on the ground. It is known to the Manus people as Muserou. 
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Fig. 4. Holotype of Melomys matambuai. Study skin in A, dorsal and B, ventral view. Skull in C, lateral, D, 
dorsal, E, ventral views, and dentary in F, lateral and G, dorsal views. 
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APPENDIX 1 


Data for samples used in electrophoresis. Numbers other than M numbers are field numbers. Samples listed by locality under 
POPULATION are M. rufescens 


Population Location Samples Scored 
M. rattoides Torricelli Mts, West Sepik M20919, M20921 
M. lanosus Telefomin area, West Sepik M18804, M19445 
M. rubex Torricelli Mts, West Sepik M 21552, M21559 
M. matambuai Polomou, Manus Island M19841 
New Ireland Madina, New Ireland M20448, M20451, 
M21262-3 
New Britain Waipo, New Britain M21234 
Tibip Yapsiei area, West Sepik M13470, M14867 
Yapsiel Yapsiei, West Sepik M16768 
Bogalmin Telefomin area, West Sepik M15955 
Wigote Torricelli Mts, West Sepik M15956 
Fatima Torricelli Mts, West Sepik M15866 
Munbil Munbil, Star Mts, West Sepik M16774, M17704, M17464 
Madang Siar, Madang, Madang Prov. M21678, A19 
Karkar Karkar Island, Madang Prov. M19053, M21677, M21679 
Kosipe Mt Albert Edward, Central Prov. M12651 
Yuro Yuro Mt Karimui Chimbu Prov. M15163-4, M15161, M15171-2 
Haia Haia, Sth Chimbu, Chimbu Prov. M13835 
Noru Noru, Mt Karimui, Chimbu Prov. M14732 
Doido Doido, Mt Karimui, Chimbu Prov. Mi5177, M15184, R55 
Bobole Mt Sisa area, Southern Highlands M16349 
Waro swamp Mt Sisa area, Southern Highlands M16390 
Waro Mt Sisa area, Southern Highlands M16386-7, M19859 
Namasado Mt Sisa area, Southern Highlands M16248 
Agofia Mt Sisa area, Southern Highlands M16392 
APPENDIX 2 


Specimens used in the statistical analysis 


Sample 1 (Melomys matambuaz) M19639, M22277 

Sample 2 (Melomys rufescens, Bismarck Archipelago) LACM67061-2, BZM60646, M20448, M20451, M2368 
Sample 3 (Melomys bougainville) M5757, M6493, M19820, M21864 

Sample 4 (Melomys rufescens, northern New Guinea and Karkar Id) M6217-8, M7130, M7133-4, M7207, 
M13469, M13470, M13485, M14867, M15886, M17704, M17442-4, M17446-8, M17684, M17686, M19053, 
M20452, M21677-9, M23767-9 

Sample 5 (Melomys rufescens, relatively short-tailed southern New Guinea and central highlands individuals) 
M6166, M9600-1, M9613, M14732, M15175, M15407, M15465-7, M15553, M15555-8, M15608, M16248, 
M24959 

Sample 6 (Melomys rufescens, long-tailed individuals from central highlands and Mt Sisa) M9598-9, M15407-8 
Sample 7 (Melomys rufescens, southeast New Guinea) M4133, M6432, M7136, M7138-9, M7145-7, M7173, 
M6778, M12651, M14076, M20312. 
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The Stratigraphic Palynology of the 
Namoi River Valley, Baan Baa to Boggabri, 
Northern New South Wales 


HELENE A. MARTIN 


Martin, H. A. The stratigraphic palynology of the Namoi River Valley, Baan Baa to 
Boggabri, Northern New South Wales. Proc. Linn. Soc. N.S.W. 114 (1): 45-58 (1994). 


The palynostratigraphy of bores sunk for water exploration shows that the alluvial 
fill is late Miocene-earliest Pliocene and remarkably similar to all the major river valleys 
of the western slopes. The basement, where encountered, is Stage 5 of the Permian. The 
vegetation of the Late Tertiary was a mosaic of rainforest with araucarians and 
sclerophyllous forests with Myrtaceae and/or Casuarinaceae dominant. In latest 
Pliocene/Pleistocene, the forest became more open. 


H.. A. Martin, School of Biological Science, University of New South Wales, P.O. Box 1, Kensing- 
ton, N.S.W., 2033; manuscript received 17 June 1992, accepted for publication 16 November 1992. 


INTRODUCTION 


Numerous shallow bores have been sunk in the alluvial fill of the valleys of the 
Western Slopes by the New South Wales Department of Water Resources in the search 
for ground water. 

This paper records the palynology of some of the bores in the Baan Baa-Boggabri 
region of the Namoi River Valley and its tributary, Coxs Creek (many bores do not yield 
pollen). The Late Tertiary history of the vegetation is compared with that of other river 
valleys of the Western Slopes. The age of the pre-Iertiary basement, where encountered, 
is reported also. 


METHODS AND MATERIALS 


The samples used in this study are cuttings, as cores were not taken. The possibility 
of contamination is greater with cuttings than with cores, but with care and appropriate 
procedures, relatively clean cuttings may be produced. For investigative drilling, from 
1.5 to 4.6 m is drilled and then the mud circulated until clean of the coarse fraction. This 
practice minimises carry-down. Cavings, where sediments higher up may break away 
from the side of the borehold and be incorporated with cuttings from deeper levels, may 
be detected by different colours or other properties. While the possibility of contami- 
nation in cuttings can never be ruled out, experience has shown that cuttings may 
produce reliable results. Consistent patterns, repeated in bore after bore, would not be 
possible with appreciable contamination (Martin, 1993). 

Preparation techniques used hydrochloric and hydrofluoric acids to remove the 
mineral material, controlled oxidation with cold Schultz solution, and potassium 
carbonate to clear the residues. 


GEOLOGY 


The valley fill rests on a basement of Permian and Jurassic sandstones, shales, 
conglomerates, tuff, coal, limestone and volcanics. The older sediments are uncon- 
solidated and frequently cannot be identified apart from the ‘Tertiary fills, without 
palynological evidence. For location of bores, see Fig. 1. 

The alluvium consists of a clays, silts, sands, and occasionally gravels. Only the 
grey-coloured clays and silts yield pollen. 
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Fig. 1. Locality map. 


PALYNOSTRATIGRAPHY 


Permian 
Permian basement was encountered in some bores. ‘Table 1 presents the species 
identified and Fig. 2 shows the stratigraphic ranges of diagnostic species. 
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Fig. 2. The stratigraphic range of diagnostic Permian species, after Kemp et al. (1977) and Price (1982). 


Bore 30232, 113.7-115.2 m (Table 1) Striate bisaccates (Protohaploxypinus spp., 


Striatopodocarpidites spp.) are diverse and abundant, suggesting the Mid Permian. 
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Monosaccates (Barakarites spp.; Plicatipollenites sp.) are present also. The diagnostic 
species Acanthotriletes villosus, Bascanisporites undosus, Didecitriletes errcanus, Marsupipollenites 
triradiatus, Phaselisporites cicatricosus, Praecolpatites sinuosus, Granulatisporites trisinus, 
Tiwarisporites cf. M. scutatus are present. D. ericanus indicates that this assemblage is 
Lower Stage 5b (Fig 2). 


TABLE 1 
Permian spores and pollen. Nomenclature follows Kemp et al. (1977), Foster (1979) and Price (1982) 


30232 36433 
113.7-115.2m 53.3-68.6 m 


Acanthotriletes (Microbaculisporites ) villosus + 
Alisporites australis + 
Alisporites sp. 
Apiculatisporis cornutus 
Bascanisporites undosus 
Barakarites rotatus 
Cyathidites australis 
Brevitriletes levis 
Didecitriletes ervcanus 
Dulhuntyispora parvithola + 
Granulatisporites micronodosus + 
G. trisinus + 
Indotriradites splendens 

Marsupipollenites triradiatus + 
Thymospora ipsviciensis 

Osmundacidites senectus 

Phaselisporites (Polypodiidites ) cicatricosus 
Plicatipollenites gondwanensis 
Praecolpatites sinuosus 

Protohaploxypinus limpidus 
Protohaploxypinus spp 
Pseudoreticulatispora ( Verrucosisporites ) pseudoreticulata + 
Tiwartasporis cf. Marsupipollenites scutatus + 
Striatoabieites multistriatus + 
Striatopodocarpidites cancallatus 

S. fusus 

S. rarus 

Striatopodocarpidites spp. 

Verrucosisporites trisectus 

Striomonosaccites sp. 


t++ttt+ ++ 


+++ 4+ 4 


+++ 4+ 4+ 


+++ + 4+ 4+ 


Bore 36433, 53.3-68.6 m (Table 1). Striate bisaccates are diverse and abundant, 
with a few monosaccates present, suggesting the Mid Permian. The diagnostic species 
D. ericanus, G. trisinus, M. triradiatus, Pseudoreticulatispora pseudoreticulata and Dulhuntyispora 
parvithola are present. D. parvithola indicates Upper Stage 5a (Fig 2). 

Bore 36434, 111.2-112.8 m. Poor preservation and low spore/pollen content limit 
identification. Granulatisporites trisinus and Acanthotriletes villosus are prsent: the latter 
indicates at least Upper Stage 4b. 

Another poor assemblage at 122 m in this bore has only G. ¢risznus as a diagnostic 
species, but the assemblage is too restricted for an accurate assessment. 

Bore 36437 at 109 m has a poorly preserved assemblage. D. ericanus is present, 
indicating a maximum age of Lower Stage 5b. 


Tertiary 
All of the Tertiary assemblages have abundant Myrtaceae and/or Casuarinaceae. 
Araucariaceae and other gymnosperms are present, sometimes common. Nothofagus is 
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absent or present in very low frequencies. These characteristics place them in the Late 
' Tertiary. The top of the sequence may have an increase in Asteraceae/Poaceae, thought 
to be Late Pliocene/Pleistocene. Fig. 3 presents the Late ‘Tertiary stratigraphic units 
from the Lachlan River Valley. The Nothofagus phase, if it can be identified, is an 
excellent stratigraphic marker horizon. Experience has shown that the frequencies of 
Nothofagus in the Nothofagus phase is extremely variable (Martin, 1987). 

Fig. 4 presents the Late Tertiary sequence from the Namoi River Valley between 
Baan Baa and Boggabri. The 91-93 m level has a small amount of the menzzeszz and fusca 
types of Nothofagus and a high Cyathea and other fern spore content; features which 
identify the Nothofagus phase (Martin, 1987). Araucariaceae is the most abundant 
gymnosperm here also, but it also abundant at 67-72 m and 33-34 m. The top of the 
sequence has a slight increase in Poaceae and a large increase in Cyperaceae, the latter 
indicative of open vegetated swamps. 

‘Fig. 5 presents the Late Tertiary sequence from Coxs Creek. The sequence is less 
clear. A small amount of the menzzesi type of Nothofagus at 76-78 m may mark the 
Nothofagus phase, and there is a peak in Araucariaceae and Cyathea/other spores in this 
assemblage, similar to that in Bore 36004. The increase in Asteraceae and Poaceae at 
65-66 and 62-64 m, however, is deeper than expected. Experience, however, has shown 
that the palynostratigraphy of the tributaries may be abbreviated or atypical when 
compared with that of the main valley. Casuarinaceae is particularly abundant in the 
deeper levels of the Coxs Creek sequence. 


Pleistocene 

Assemblages above 20 m (Fig 4) are almost certainly Pleistocene. Tubulzfloridites 
pleistocenicus, Polyporina granulata and Asteraceae cf Liguliflorae (Martin, 1973a) are 
present and these are thought to be indicative of the Pleistocene (Knight and Martin, 
1989). When compared with other Pleistocene assemblages, the Asteraceae/ Poaceae 
content is low and that of Myrtaceae very high. Most of the Myrtaceae are eucalypts 
and the grains have a distinctly modern appearance about them. Surprisingly, there is a 
small amount of Araucariaceae, but such a quantity may have been transported a 
considerable distance, perhaps from the upper reaches of the catchment. 

Fig 6 presents cross sections of the sediments and shows the relationships of the 
assemblages. 


‘THE VEGETATION 


There is a considerable rainforest element: all of the gymnosperms (Table 2) 
and some of the angiosperms (Table 3). There is also a substantial sclerophyllous 
element (Table 3). Some of the taxa may contain both of these elements, for example, 
Casuarinaceae contains both Casuarina/Allocasuarina of sclerophyllous vegetation, and 
possibly Gymnostoma of rainforests. The Angophora/bloodwood eucalypt type is identifi- 
able, but some of the other eucalypt types cannot be distinguished from other taxa 1n the 
family. The Myrtaceae unidentified group is far larger than the Angophora/bloodwood 
type and probably contains a mixture of eucalypts, other sclerophyllous elements and 
rainforest taxa. 

Araucariaceae would have been common at some times. Podocarpus is also relatively 
abundant and the other gymnosperms are infrequent. The angiosperm rainforest pollen 
types are found in low frequencies, but these types are insect/other animal pollinated, 
hence under-represented. 

The sclerophyllous element includes a number of shrub/undershrub taxa. The 
herbaceous/open-vegetated swamp taxa are also diverse (Table 3). 


PROC. LINN. SOC. N.S.W., 114 (1), 1994 


50 STRATIGRAPHIC PALYNOLOGY OF NAMOI RIVER 


PALYNOLOGICAL 
SUBDIVISION 


PLEISTOCENE Asteraceae/Poaceae 


=a €D CED ED ED GZ 


Upper 
Myrtaceae 
(and/or 
Casuarinaceae 


PLIOCENE phase 


Gymnosperm phase 


Nothofagus phase 


Lower 
Myrtaceae 
(and/or 
Casuarinaceae) 
phase 


MIOCENE 


T. bellus Zone 
Fig. 3. Late Tertiary stratigraphic units of the Lachlan River Valley (from Martin, 1987). The Nothofagus in 


the Early Phocene is the menziesii and fusca types only. The brassz type is not present. Note: Phase is used here 
for an informal subdivision. 
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Fig. 4. Late Tertiary sequence from Baan Baa to Boggabri. Bores: A, 36004. B, 30232. C, 36185. D, 30050. E, 
36057. F, 36182. For location of bores, see Fig. 1. For the species of gymnosperms, see Table 2. C, Cyathea. m, 


menziesii; f, fusca types of Nothofagus. 
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Fig. 6. Cross sections in the Namoi River Valley and Coxs Creek. For location of bores, see Fig. 1. 
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TABLE 2 


The Late Tertiary gymnosperms. References to pollen types: 
1, Martin (1973a). 2, Stover & Partridge (1973). 3, Cookson & Pike (1953a). 
4, Cookson & Pike (1953b). 5, Cookson & Pike (195 4a). 
For the distribution of the taxa, see Table 4. 


Fossil Name Botanical Name 
Araucariacites australis 1 Araucariaceae 
Cupressaceae 1 Cupressaceae 
Dacrycarpites australiensis 1,3 Dacrycarpus 
Lygistepollenites florinit 2,4 Dacrydium 
Miucrocachryidites antarcticus 5 Michrochacrys 
Phyllocladidites palaeogenicus 5 Phyllocladus 
Podocarpidites spp 1 Podocarpus 
‘TABLE 3 


Low frequency angiosperms. Reference to pollen types: 1, Martin (1973a). 2. Stover GS Partridge, (1973). 
3, Cookson & Pike (1954b). 4, Truswell et al. (1985). 5, Martin (in press). 6, Martin (1978). 
7, Pocknall & Cosby (1982). 8, Martin (1973b). R, rainforest; S, sclerophyll; 
H, herbaceous and open-vegetated swamp taxa. For the distribution of the taxa, sese Table 4. 


Fossil Name Botanical Name 
Acacia myrwosporites 1 S Acacia 
Banksveaerdites elongatus 1 S Banksia 


Chenopodipollis chenopodiaceoides 1,4 Chenopodiaceae/Amaranthaceae 


Cupanierdites orthoterchus 3 R Cupanieae 
Cyperaceae 1 H Cyperaceae 
Graminidites monoporites 1 H Poaceae 
Haloragacidites haloragoides 3 S Haloragis 

H. harris 2,3 S&?R_  Casuarinaceae 
H. myriophylloides 3 H Myriophyllum 


Malvacearumpollis sp 4 Malvaceae 


Micrantheum spinyspora 1 S Micrantheum 

Milfordia hypolaeniodes 1 ) Restionaceae 

Milfordia sp S Restionaceae 

Monotoca 5 S Monotoca 

Myrtaceidites eucalyptoides 3 S) Angophora/bloodwood eucalypt 
Myrtaceae unidentified R&S Myrtaceae 

Nothofagidites asperus 1 R Nothofagus menziesii type 

N. brachyspinulosus 1 R Nothofagus fusca type 

Polygonum sp 6 H Polygonum 

Polyporina granulata 1 ? 

Proteacidites ivanhoensis 1 R Helicia/Orites 

Proteactaites sp 2S Proteaceae 

Quintinia psilatispora 1 R Quintinza 

Sparganiaceaepollenites barungensis 1 H Sparganiaceae 

Stephanocolpites oblatus 1 a 

Tasmannia (Drimys) tetradites 1 R Tasmannia 

Tricolporites aveolatus 7 2 

T. pelargoniodes 8 H Pelargonium 

Triporopollenites bellus 2,6 R Gardenia (‘Randia’) chartacea type 
Tubulifloridites antipodica/simplis 1 H Asteraceae 


Unidentified tricolpate/tricolporates 


The vegetation through the Late Miocene-Pliocene would have been a mosaic of 
rainforest with araucarians, and sclerophyll forests with eucalypts and/or Casuarina/ 
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Allocasuarina dominent. The small amount of Nothofagus was probably transported from 
some distance, given the exponential decrease of pollen frequency with distance from 
source (Birks and Birks, 1980). It may have been growing in the upper reaches of the 
catchment. There would have been very little, if any, Nothofagus growing in the valley. 
For the part of the Pleistocene represented here, eucalypt forests occupied the 


valley. 
DISCUSSION 


The ‘Tertiary palynostratigraphy of the Namoi Valley between Baan Baa and 
Boggabri (Fig 6) is remarkably similar to that of the Lachlan River Valley (Martin, 
1987). Both have the Nothofagus Phase near the base of the Tertiary sequence, but not 
directly on the pre-lertiary basement. The palynostratigraphy suggests that the rivers of 
the Western Slopes of the Great Divide have had a similar geological history (Martin, 
1991). 

Within this similarity of the sequences, the differences between assemblages of the 
two valleys are commensurate with what would be expected of the vegetation from the 
different geographic regions. Nothofagus is more prominent in the Lachlan River Valley 
(in the Nothofagus phase). Casuarinaceae may be abundant occasionally in the Lachlan, 
but assemblages with high frequencies are more common in the Namo, particularly in 
Coxs Creek. Araucariaceae are frequently abundant in the Namoi region but not in the 
Lachlan. At Narrandera on the Murrumbidgee River, gymnosperms are more common 
immediately below the increase in Asteraceae/Poaceae and Araucariaceae may be the 
most abundant of the group (Martin, 1973b). Araucariaceae may be particularly 
abundant with the increase in Asteraceae/Poaceae in the Namoi, both in this region and 
in the Mooki Valley (Martin, 1979). 


LACHLAN NARRANDERA 


Asteraceae/Poaceae 


LAKE GEORGE 


Asteraceae/Poaceae Asteraceae/Poaceae 

Gymnosperms Nothofagus 
Upper 
Myrtaceae 
(and/or 


Upper Upper Hf 
Myrtaceae Myrtaceae Ceara 


Asteraceae/Poacea 


Disconformity 


Araucarians HBRHTANE 


(and/or 
Casuarinaceae) 
phase 


Araucarians HHI 


? Nothofagus mat 


Lower 
Myrtaceae 
and/or 
Casuarinaceae) 
phase 


(and/or 
Casuarinaceae) 
phase 


Gymnosperm 
phase 


Nothofagus phase 


Lower 
Myrtaceae 
(and/or 
Casuarinaceae) 
phase 


T. bellus Zone 


Fig. 7. Diagrammatic comparison of the stratigraphic sequence in Lake George, the Lachlan River Valley, 
Narrandera, and Namoi. Note: a large sand body, which does not yield pollen, occupies the position where 
the Nothofagus phase would be expected at Narrandera. 
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TABLE 4 


The distribution of taxa potentially useful for stratigraphy, and regionally extinct taxa 


Bore 

Depth (m) 

Araucariacites australis 
Podocarpidites 

Dacrycarpites australiensis 
Phyllocladidites palaeogenicus 
Polyporina granulata 
Quintinia psilatispora 
Cingulatisporites bifurcatus 
Triporopollenites bellus 
Cupressaceae 
Lygistepollenites florini 
Cingulatisporites ornatus 
Tricolporites pelargoniodes 
Mucrocachryidites antarcticus 
Tasmannia (Drimys) tetradites 
Malvacearumpollis sp 
Micrantheum spinyspora 
Stephanocolpites oblatus 
Polygonum sp 


Bore 

Depth (m) 

Araucarvacites australis 
Podocarpidites 
Cingulatisporites bifurcatus 
Dacrycarpites australvensis 
Polyporina granulata 
Reticulatisporites echinatus 
Phyllocladidites palaeogenicus 
Stephanocolpites oblatus 
Monotoca 

Tricolporites alveolatus 
Cupanierdites orthoterchus 


Bore 

Depth (m) 

Araucarvacites australis 
Cupressaceae 
Podocarpidites 
Malvacearumpollis sp 
Cingulatisporites bifurcatus 
Phyllocladidites palaeogenicus 
Tasmannia tetradites 
Proteacidites wwanhoensis 
Micrantheum spinyspora 
Polygonum 

Polyporina granulata 


Bore 

Depth (m) 

Araucariacites australis 
Cingulatisporites bifurcatus 
Polyporina granulata 
Cupressaceae 

Dacrycarpites australiensis 
Lygistepollenites florinia 
Podocarpidites 


Tasmannia tetradites 
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This increase in abundance of Araucariaceae is not restricted to the Nothofagus 
phase and the base of the Asteraceae/Poaceae phase. It may be found sporadically in the 
upper Myrtaceae phase, in this study as well as in the Mooki (Martin, 1979) and 
Castlereagh (Martin, 1981) Valleys (Fig 6). 

McEwen Mason (1989; 1991; Kershaw et al., 1991) found Nothofagus in sediments of 
Lake George, immediately below high Asteraceae/Poaceae, indicative of the Pleisto- 
cene. All three pollen types of Nothofagus are prsent, unlike the Nothofagus phase of 
the Lachlan River Valley where only the fusca and menziesii types are present. This 
occurrence of Nothofagus at Lake George has been dated by palaeomagnetics at approxi- 
mately 2.8 million years (McEwen Mason, 1989). The Nothofagus phase of the Lachlan 
has not been dated by independent methods, but it cannot be the stratigraphic equiva- 
lent of Nothofagus at Lake George, as shown in Fig. 7. There 1s a long section of the upper 
Myrtaceae phase above the Nothofagus phase, and a disconformity below the high 
Asteraceae/Poaceae. It is likely that the stratigraphic equivalent of Nothofagus at Lake 
George is missing from the Lachlan, because of the disconformity. The Lake George 
Nothofagus may correlate with the gymnosperms (mainly Podocarpus) at Narrandera, the 
difference in the palynology being commensurate with the difference in the vegetation 
of these two regions. It may also correlate with araucarians in association with increas- 
ing Asteraceae/ Poaceae in the Namoi, if the increase of Asteraceae/Poaceae is taken as a 
stratigraphic marker horizon in all of these geographic regions. All the evidence to date 
indicates that this increase 1s a reliable stratigraphic marker horizon (Martin, 1990). 

The palynology of the river valleys of the Western Slopes shows that there was a 
surge of rainforest, thought to be Early Pliocene in age, as there is no means of indepen- 
dent dating (Martin, 1987). The study at Lake George (McEwen Mason, 1989; 1991) in 
the Highlands suggests that there was another surge of rainforest in the Late Pliocene, 
but the latter is not well expressed in the rivers of the Western Slopes. The nature of the 
rainforest varied considerably with the geographic region. It is possible that when the 
brassit type Nothofagus forests were found at Lake George, Podocarpus was common at 
Narrandera and araucarian forests flourished in the Namoi Valley. 

The Pleistocene sequence here is too fragmentary to be placed more precisely. As 
interglacials were more forested/wooded and glacials more open/grassy/herbaceous, 
these Pleistocene eucalypt forests probably grew during one of the interglacials. 

It has long been a mystery as to why only the fusca and menziesii types of Nothofagus 
are found in the Early Phocene of the Western Slopes, when all three pollen types 
of Nothofagus are found together throughout the Early and Mid ‘Tertiary. Read and 
Farquhar (1991) have experimented with living species from all three pollen types of 
Nothofagus and have found that the brasszz type responds to a mild water deficit by closing 
its stomates, whereas the other two groups do not respond in this way. Read and 
Farquhar (1991) hypothesize that the fusca and menziesii types have evolved physiological 
and/or morphological mechanisms which allow the stomates to remain open at times of 
mild water deficit. While closed stomates may alleviate a moisture deficit, they inhibit 
carbon dioxide uptake, hence restrict photosynthesis. This behaviour of the bvassz type 
is clearly a disadvantage if the climate becomes drier. The climate became progressively 
drier throughout the Late ‘Tertiary (Martin, 1987), except for brief intervals when 
rainfall increased and allowed these surges of rainforest. ‘Thus the progressively drier 
climate eliminated the brassz type first, but in highlands where the climate was wetter 
than the Western Slopes, it was persist for a longer time, until the Late Phocene. 
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In 1991, during a summer bloom of Melosira (diatom) and Microcystis (cyano- 
bacterium) in the Hawkesbury-Nepean River, vorticellids dominated the zooplankton. 
They attached to colonies and filaments of a variety of planktonic algae including 
Melosira and Microcystis. The number of vorticellids attached per substrate particle was 
low (mean 1-3 vorticellids). The observed vorticellids-planktonic algae interactions 
appear to be more commensal than protocooperative. 
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INTRODUCTION 


Frequent blooms of cyanobacteria are common in many overseas and Australian 
eutrophic waters (Reynolds, 1984; May, 1970; Heath and Cannon, 1990). Filaments and 
colonies of these cyanobacteria often provide substrates for the attachment of various 
bacteria, fungi, algae and protozoans (Canter e¢ al. 1992 and references cited therein). In 
particular, infestation of cyanobacteria and other planktonic algae by vorticellids 
(Protozoa: Peritrichida) has been reported by Kerr (1983), Pratt and Rosen (1983) and 
Canter et al. (1992). Canter et al. (1990) and Canter et al. (1992) referred to possible 
mutual ecological benefits of vorticellids-cyanobacteria interactions (1.e. buoyancy 
and feeding advantage for the attached vorticellids; protection of cyanobacteria from 
predators by the attached vorticellids). 

The present study reports brief quantitative observations on the vorticellids- 
planktonic algae interactions in the Hawkesbury-Nepean River during the summer 
1991 when a bloom of Melosira (diatom) and Microcystis (cyanobacterium) occurred. 
Although attachment of vorticellids to a wide range of planktonic cyanobacteria has 
been reported overseas, there is no comparative observation of their occurrence on a 
surface of cyanobacteria and other planktonic algae for Australia. 


STUDY AREA 


Detailed descriptions of the hydrology and morphology of the Hawkesbury- 
Nepean River are reported by State Pollution Control Commission (1983) and Heath 
and Cannon (1990). The Hawkesbury- Nepean River flows from the Illawarra range to 
its mouth north of Sydney. The main river channel length is approximately 300 km, 
with a total catchment area of 22000 km?. The river flow is regulated by five major dams 
(Avon, Nepean, Cordeaux, Cataract and, further downstream, Warragamba) and over 
13 weirs on its main channel. The tidal limit is near Richmond, about 140 km upstream 
of the river mouth (Wolanski and Collis, 1976). The river provides water for many uses 
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(e.g. potable water and irrigation) and supports commercial and recreational fishing 
(Department of Planning, 1989). 


MATERIALS AND METHODS 


Quantitative zooplankton samples were collected by using a Haney-type trap (4.2 
1) (R. J. Shiel, pers. comm.) on 6 December 1991 at Windsor (0900-0930 hrs) and 
Sackville (1030-1100 hrs) where Melosira and Microcystis blooms were observed, respec- 
tively (Fig. 1). Four replicate samples were collected at approximately equal time 
intervals at a depth of 1 m at the mid channel. The trap was closed as soon as it reached 
the sampling depth. Samples were filted in the field through a 354m mesh net and the 
plankters retained on the net were backwashed into a 125 ml plastic jar and preserved in 
a 4% buffered sugar-formaldehyde solution (Haney and Hall, 1973). Zooplankton 
species were identified by using published keys and illustrations (Koste and Shiel, 1987; 
Smirnov and Timms, 1983). Mean zooplankton abundance (individuals 171) was 
calculated for each taxon by counting subsamples (400-600 individuals) with the 
Sedgewick-Rafter counting cell at 100x under a Nikon Diaphot-TMD inverted micro- 
scope. Proportion (%) and mean number of vorticellids attached to each substrate 
particle were calculated for a maximum of 100 vorticellids. Some free vorticellids which 
may have dislodged from substrate particles during transportation and preservation of 
samples (Kerr, 1983) were not included. Selectivity of the vorticellids for planktonic 
algae as a substrate particle was determined by calculating Ivlev’s electivity index (Ivlev, 
1961): (p;-p,)/(p; +P.) Where p, is the proportion of a particular substrate particle to 
which vorticellids are attached and p, is the proportion of that substrate particle free 
from vorticellid attachment in the water. The index ranges from a scale of -1 for total 
avoidance or inability to attach to nearly +1 if the planktonic alga is preferred by 
vorticellids as a substrate particle. No selection at all occurs at a scale of 0. Relative 
abundance of the phytoplankters free from vorticellid attachment was determined by 
counting approximately 500 individuals with the Sedgewick-Rafter counting cell (one 
colony or one filament was counted as one individual). Photomicrographs of the 
vorticellids occurring on the surface of planktonic algae were taken using a Nikon 
F-601M camera attached to the inverted microscope and Kodak px-125 film with an 
exposure time of 1/2s. Data on physico-chemical conditions (temperature, pH, 
dissolved oxygen, total phosphorus and chlorophyll a) at Windsor and Sackville on 26 
November 1991 (closest to the zooplankton sampling date) were provided by AWT 
Science & Environment Division. 


RESULTS 


Physicochemical conditions 
Both the Windsor and Sackville sites are characterized by relatively high pH, 
dissolved oxygen and chlorophyll a, reflecting the occurrence of algal blooms (Table 1). 


Species composition and abundance of zooplankton 

A total of 18 zooplankton taxa were identified at Windsor and Sackville (Table 2). 
Rotifers were the most diverse group, accounting for 72% of the total taxa. Numerically, 
protozoans were most important and were dominated by vorticellids at both Windsor 
(1623 11) and Sackville (1766 17). Of rotifers, Keratella (158 1! at Windsor) and 
Trichocerca (182 1! at Sackville) were relatively abundant. Copepods were abundant at 
Windsor, dominated by nauplii (321 17). Cladocerans were a minor component or 
absent at Windsor and Sackville. 
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Fig. 1. Zooplankton sampling sites of the Hawkesbury-Nepean River. 


TABLE 1 


Physicochemical conditions and chlorophyll a at Windsor and Sackville in the Hawkesbury-Nepean 
River on 26 November 1991 (AWT Science & Environment Division, unpublished data) 


Parameters Windsor Sackville 
Time of measurement 0830 0930 
(summer time: hrs) 

‘Temperature (°C) 24.3 24.2 
pH eS 8.9 
Dissolved oxygen (mg i) 7.5 9.8 
Total phosphorus (mg 17) 0.062 0.046 
Chlorophyll a (ug 1) 26.7 33.5 


Attachment of vorticellids to planktonic algae and detritus 
Vorticellids attached to a total of nine planktonic algal taxa and detritus (Table 3 
and Fig. 2). At Windsor, the vorticellids attached to the filamentous diatom Melosira and 
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colonial green alga Volvox. At Sackville, they attached to a variety of algal substrate 
particles including the cyanobacteria Microcystis and Anabaena. The mean number of 
vorticellids attached to each substrate particle was low in the range 1-3 at both sampling 
sites. A maximum of 11 vorticellids were observed on the surface of a single Microcystis 
colony at Sackville. 


TABLE 2 
Zooplankton in the Hawkesbury-Nepean River on 6 December 1991. 


x denotes the presence of species 


Zooplankton Windsor Sackville 


Protozoans 
vorticellids x x 
ciliates x x 
Rotifers 
Brachionus angularis Gosse x 
Brachionus calyciflorus Pallas 
Brachionus calyciflorus anuraeiformis Brehm 
Brachionus falcatus Zacharias 
Collotheca sp. 
Conochilus dossuarius Kauer 
Filinia longiseta limnetica (Zach. ) 
Hexarthra intermedia Wiszniewski 
Keratella cochlearis (Gosse) 
Keratella tropica (Apstein) 
Polyarthra cf. longiremis (Carl. ) 
Synchaeta pectinata Ehrb. 
Trichocerca spp. 
Cladocerans 
Bosmina meridionalis Sars x 
Copepods 
nauplii x x 
copepodites x x 


~ O 


a 9 
~ Mm mM mM OM 


Vorticellids showed no particular selectivity for the major substrate particles, 
Melosira and Microcystis (Ivlev’s index: 0.20 and 0.08, respectively) (Table 3). On the other 
hand, they appeared to prefer Mougeotia but avoid Staurastrum as a substrate particle 
because of the relatively high positive and negative values of the Ivlev’s index (1.00 and 
-0.82), respectively. 


DISCUSSION 


This study is the first quantitatively describing the occurrence of vorticellids on a 
surface of cyanobacteria (Anabaena and Microcystis) and other planktonic algae in 
Australia, specifically the Hawkesbury-Nepean River. Attachment of vorticellids to 
various planktonic algae and other substrate particles is consistent with the observations 
of Kerr (1983) and Pratt and Rosen (1983). Although a species-specific association of 
vorticellids to cyanobacteria has been reported by Davis (1973) and Pratt and Rosen 
(1983), it was not possible to examine the degree of such an association in this study 
because no vorticellid species were identified. They, as a group, however, appear 
to exhibit no particular selectivity for cyanobacteria as a substrate particle in the 
Hawkesbury-Nepean River. Relative preference for and avoidance of Mougeotia and 
Staurastrum, respectively, at Sackville (as measured by the Ivlev’s index) suggest that 
some factor(s) (e.g. cell or colony morphology and/or some nutritional or chemical 
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attractants of algae (Kerr, 1983; Canter et al., 1992) may be responsible for the 
selectivity. Further detailed study is necessary to elucidate causal factors. 


Fig. 2. Attachment of vorticellids to various planktonic algae at Windsor and Sackville in the Hawkesbury- 
Nepean River on 6 December 1991. Substrates as (a) Melosira granulata; (b) Volvox; (c) Anabaena; (d) Microcystes 
cf. aeruginosa; (e) Dictyosphaertum. Bars: 20 pm (A), 40 um (B, CG, D, E). 


The number of vorticellids attached per algal substrate particle reported in the 
literature varies with algal taxa and morphology. Kerr (1983) reported that 68% of 
Nostoc colonies infested by Vorticella had 1-5 vorticellids but some had over 100 vorticel- 
lids, whereas Anabaena colonies had in most cases, fewer than five vorticellids. Pratt and 
Rosen (1983) found 35-50 attached vorticellids on a large colony of Anabaena flos-aquae 
but just one or two attached to individual filaments. In the Hawkesbury-Nepean River, 
the number of the vorticellids attached on the surface of an algal substrate particle 
remained low, irrespective of the algal type. 

In general, the vorticellids-planktonic algae interactions may be classified as 
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commensalism, in which one population (1.e. vorticellids) is benefitted but the other (i.e. 
planktonic algae) is not affected, or as protocooperation, in which both populations 
benefit by the association but relations are not obligatory (definitions of commensalism 
and protocooperation as in Odum, 1971, p.211). The benefit to vorticellids of attaching 
to planktonic algae (particularly to buoyant cyanobacteria) is that vorticellids use these 
algae as a substrate to produce more effective feeding currents and remain in the food- 
rich water column for longer periods (Fenchel, 1987; Canter et al., 1992). On the other 
hand, planktonic algae to which vorticellids are attached may gain protection against 
predators such as ciliates (Dryden and Wright, 1987) if the number of attached vorticel- 
lids is sufficiently large. Attached vorticellids are thought to provide a shielding effect, 
thus making it difficult for predators to find algae (Pratt and Rosen, 1983; Canter et al., 
1990). Furthermore, there may be nutrient exchange between vorticellids and plank- 
tonic algae, including dissolved organic and inorganic nutrients or epiphytic bacteria 
(Pratt and Rosen, 1983). Because of the scarcity of vorticellids attached per algal 
substrate particle in the present study, neither protection of planktonic algae against 
predators by the attached vorticellids nor active nutrient exchange between them is 
likely to occur. The observed vorticellids-planktonic algae interactions appear to be 
more commensal than protocooperative. 


TABLE 3 


Attachment of vorticellids to planktonic algae and detritus at Windsor and Sackville in the Hawkesbury-Nepean River at a 

depth of 1 m on 6 December 1991. A: Proportion (% ) of attachment of vorticellids (n=100) to each substrate. + denotes < 

1%. B: Number of vorticellids attached to a colony or filament of each substrate. Mean +SE is shown. Sample size is 
given in parentheses. C: Ivlev’s electivity index for each algal substrate 


Windsor Sackville 

Substrate A B C A B C 
Cyanobacteria 

Anabaena sp. = — = 3 1.3 40.25(4) 0.14 

Microcystis spp. = — = 52 3.0 +0.36(59) 0.08 
Diatoms 

Melosira spp. (mainly granulata) 100 1.4 +0.09(100) 0.20 4 2.0 +0.99(2) 0.43 
Green algae 

Dictyosphaerium sp. = — = 13 1.3 +0.21(15) 0.33 

Micrastertas sp. — — — + 1.5 + 0.50(2) = 

Mougeotia sp. _ = — ¥) 2.2 + 0.63(10) 1.00 

Staurastrum sp. _ — — 1 1(1) -0.82 

Volvox sp. + 1(1) = _ — _ 
Unidentified alga = — = 2 1.5 +1.06(2) = 
Detritus — — = 20 2.2 + 0.50(30) — 
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INTRODUCTION 


Arrangements for the transfer of insect type material from the Macleay Museum to 
the Australian National Insect Collection (ANIC) were outlined by Britton and 
Stanbury (1981). They catalogued the types of Coleoptera previously transferred. 
Relevant Hemiptera types were listed by Stevens and Carver (1986). 

The 136 specimens reviewed below (Table 1) comprise all Australian types of the 
order Hymenoptera now on permanent loan to the ANIC from the Macleay Museum. 
It is possible that additional relevant types remain in Sydney unrecognised because of 
inadequate labels. Also, a large number of non-Australian Hymenoptera housed in the 
Macleay Museum will undoubtedly include further type specimens. 

Sixty-seven specific names (10 of John Clark, 6 of W. C. Crawley, 10 of A. P. Dodd, 
1 of R. Forsius, 6 of W. W. Froggatt, 30 of A. A. Girault, 3 of W. E. Leach and 1 of W. J. 
Macleay) are represented in the list. Additional information on the Girault types and 
the scelionid types of Dodd is given by Galloway (1976) and Dahms (1983, 1984). 
Current nomenclature of the ants (Formicidae) is covered by the check-lists of Taylor 
and Brown (1985) and Taylor (1987). 

The listed W. C. Crawley ant specimens might not be types, though their data 
labels and style of mounting imply that they are members of their original series. None 
have explicit type labels, but most pins bear a printed tag reading ‘type series’ and a 
determination label in Clark’s hand. Crawley’s material was supplied by Clark, who is 
known usually to have withheld some specimens from each shipment. ‘They were not 
studied by Crawley and are not types. The specimens listed here seem likely to be in this 
category, but they stand as effective nomenclatural vouchers of the relevant species, 
essentially equivalent to designated secondary types. 

A preliminary list of Macleay Museum types by Hahn (1976) includes a number of 
nomina nuda, confusing misspellings and errors. Major corrections to Hahn’s list are: 


1. The following species names, attributed to A. A. Girault are in fact unpublished: 
Farerotolepsia aereifemur, Aligherinia chaucert; Stomatoceras discofuscus; Rhicnopeltella eucalypta; 
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Cirrospilus hemansi; Stomatoceras iris; Rhopalencyrtoidea longa; Epimegastigmus madolinea; 
Thaumasura pavogiboreus; Epimetagea punctativentris; Chalcis shuberti iris; Phylloxeroxenoides 
sidneyt, Epimetagea tativentris,; Neomphalordella thysba. 

Specimens associated with these nomina nuda have no type status, but have been 
transferred to the ANIC where Girault’s unpublished manuscript dealing with them is 
preserved. 


2. The following names are misspellings of available names: Agamerion 10’ = A. 10; 
Trichohaltichella coccineipes’ = I. coccinipes; ‘Elyjahia pacta’ = E. poeta; Stilbula ortodigitata’ = 
S. octodigitata; “Trichoceras rubrifemus’ = Tiichoxenia rubrifemur. 


3. Hahn listed an ant named Phyracaces rufoniger Clark. This combination has never 
been published, and the relevant specimens have not been located in the Macleay 
holdings. Clark published Rhytedoponera rufoniger in 1936 and Euponera (Brachyponera) 
rufoniger (now Trachymesopus) in 1934. 
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CATALOGUE OF TYPES OF AUSTRALIAN HYMENOPTERA TRANSFERRED 
ON PERMANENT LOAN FROM MACLEAY MUSEUM TO 
AUSTRALIAN NATIONAL INSECT COLLLECTION 


(Abbreviations: A = allotype; H = holotype; P = paratype; S = syntype; PL = paralectotype) 


Specific Name Original Genus Family Type Locality Types 
aeneobrunnea Girault 1929 Epimetagea Eucharitidae King George Sound, WA H 
albipetiole Girault 1929 Stilbula Eucharitidae SA 1S 
atricorpus Girault 1931 Epiperilampus Pteromalidae Sydney, NSW 78 
atricoxa Dodd 1914 Sceliomorpha Scelionidae Sydney (Elizabeth Bay), NSW H 
atriscapa Crawley 1925 Myrmecia Formicidae Albany, WA 1?S 
aurantiscutum rex Girault 1931 Perilampoides Pteromalidae Mt Druitt, NSW 38 
bella Girault 1927 Thaumasura Pteromalidae SA 2P 
bicolor, Clark 1924 Phyracaces Formicidae Armadale, WA 28 
brevis Clark 1924 Phyracaces Formicidae Hovea, WA 38 
castaneus Clark 1924 Phyracaces Formicidae Hovea, WA 1S 
chalybea Froggatt 1890 Perga Pergidae SA; Nundle, NSW ?P 
citritibiae Girault 1928 Rhicnopeltella Eulophidae Sydney, NSW 28 
clarki Crawley 1923 Pseudopodomyrma Formicidae Swan River, WA 1?S 
coccinipes Girault 1928 Inichohaltic hella Chalcididae SA H 
concoloripes Dodd 1914 Sceluomorpha Scelionidae NSW H 
cyanea Leach 1817 Pterygophorus Pergidae ‘Australasia 2S 
dentatinotum Girault 1928 Perilampus Perilampidae Lord Howe Island H 
deuqueti Crawley 1923 Aenictus Formicidae Lismore, NSW 3?S 
distincta Dodd 1914 Macroteleia Scelionidae NSW H,A 
dorsalis Leach 1817 Perga Pergidae ‘Australasia °H 
ferruginea Leach 1817 Perga Pergidae ‘Australasia 28 
flavifemora Girault 1929 Epimetagea Eucharitidae © Camden, NSW H 
frenchi Froggatt 1906 Megalyra Megalyridae Melbourne, Vic PL 
fulvidus Clark 1923 Eusphinctus Formicidae Mundaring, WA 6S 
gilest Clark 1923 Phyracaces Formicidae Mundaring, WA 28 
glabra Froggatt 1890 Philomastix Pergidae ‘Australasia, Dunoon, Richmond River 4?P 
zo Girault 1935 Agamerion Pteromalidae NSW H 
julietta Girault 1934 Rhicnopeltella Eulophidae Sydney (Manly), NSW 11S 
longa Girault 1928 Thaumasura Pteromalidae NSW H 
lyelli Froggatt 1906 Megalyra Megalyridae Gisborne, Vic PL 
magniclava Dodd 1914 Scelomorpha Scelionidae NSW H 
masterst Froggatt 1906 Megalyra Megalyridae NSW H 
meridianus Dodd 1914 Hadronotoides Scelionidae SA H,A 
miltoni Girault 1931 Euryperilampus Pteromalidae Sydney, NSW 38 
minutissimus Girault 1926 Chalcis Chalcididae SA 1S 
monilicornis Girault 1940 Epimetagea Eucharitidae SA 38 
nancarrowi Froggatt 1890 Philomastix Pergidae Cairns ?P 
newmani Clark 1923 Phyracaces Formicidae Mundaring, WA 1S 
nigriclava Dodd 1914 Sceliomorpha Scelionidae NSW H 
nigriventris Clark 1924 Phyracaces Formicidae National Park, WA 1S 
occidentalis Clark 1923 Eusphinctus Formicidae Mundaring, WA 28 
octodigitata Girault 1929 Stilbula Eucharitidae King George Sound, WA H 
parvicornis Dodd 1914 Scelio Scelionidae SA H 
perthensis Crawley 1922 Pheidole Formicidae Perth, WA 2?°S 
pucipes Clark 1924 Phyracaces Formicidae Tammin, WA 1S 
poeta Girault 1928 Elyahia Encyrtidae King George Sound, WA H 
poeta Girault 1929 Toxeumoides Pteromalidae SA H 
punctata Girault 1931 Perilampella Pteromalidae NSW 12S 
punctatissimus Clark 1923 Phyracaces Formicidae Mundaring, WA 5S 
regularis Crawley 1925 Myrmecia Formicidae Albany, WA 2?8 
robustus Dodd 1914 Austroscelio Scelionidae NSW H 
rotundiceps Girault 1932 Dinocarsis Encyrtidae SA 28 
rubrifemur Girault 1926 Trichoxenia Chalcididae SA H 
rubritibia Girault 1932 Thaumasura Pteromalidae NSW H 
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Specific Name 


scutatus Girault 1931 
shakespearet Girault 1926 
shakespeare: Girault 1926 
sidneyi Girault 1930 
sismondini Girault 1931 
soctalis Macleay 1873 
swale: Crawley 1922 
theclavorae Girault 1930 
tripustulatus Girault 1929 
unguttifemur Girault 1926 
variabilis Forsius 1927 
variegatus Dodd 1914 
violescens Dodd 1915 


TRANSFER OF HYMENOPTERA TYPES 


Original Genus 


Perilampoides 
Chalcis 
Trichoxenia 
Metapelma 
Terobiella 
Ectatomma 
Promyrmecia 
Stomatoceras 
Tsoplatordes 
Chalcis 
Neoeurys 
Dendrocerus 


Family 


Pteromalidae 
Chalcididae 
Chalcididae 
Eupelmidae 
Pteromalidae 
Formicidae 
Formicidae 
Chalcididae 
Pteromalidae 
Chalcididae 
Pergidae 
Ceraphronidae 


Omphalomorphoides Eulophidae 
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Type Locality 


Sydney, NSW 
NSW 

WA 

Sydney, NSW 
Sydney, NSW 
Mundario, NSW 
Albany, WA 
Kuranda, Q 
SA 

NSW 

Mt Lofty, SA 
NSW 

Sydney, NSW 


Climbing Plants in Relation to their Supports 
in a Stand of Dry Rainforest in the 
Hunter Valley, New South Wales 


ANITA C. CHALMERS and JOHN C. TURNER 


CHALMERS, A. C. & TURNER, J. C. Climbing plants in relation to their supports in a 
stand of dry rainforest in the Hunter Valley, New South Wales. Proc. Linn. Soc. 
N.S.W. 114 (2): 73-90 (1994). 


Climber individuals from twenty-six native species were sampled across a stand of 
dry rainforest in the lower Hunter Valley and a series of observations and measure- 
ments was carried out on each climber and its support(s). Emphasis was placed on the 
woody climbers (= lianes) present. The aim was to describe how woody climbers fit into 
the structure imposed by trees and shrubs. The climbers were observed to have 
some support preferences in terms both of support size (depending on the climbing 
mechanism employed) and of support species. Shade-tolerant and light-demanding 
liane species could be recognised. Liane species were found to differ in their ability to 
spread from support to support and also in the disposition of their foliage on their 
support(s). All but two of the lianes were observed to produce seedlings; differences 
were noted between species in the potential for vegetative reproduction. It was apparent 
that the vertical and horizontal distribution (at a scale of a few metres) of liane species 
within this stand is strongly influenced by the local forest structure and the growth 
characteristics of the individual liane species. 


Anita C. Chalmers, Department of Ecosystem Management, University of New England, Australia 
2351. John C. Turner, Department of Geography, University of Newcastle, Australia 2308; 
manuscript received 3 November 1992, accepted for publication 21 April 1993. 


INTRODUCTION 


The species diversity of climbing plants diminishes outside the lowland tropics, but 
they are still a significant component of most lowland rainforest types in the 30°’s of 
latitude in the southern hemisphere. In the rainforest vegetation of eastern Australia, 
liane (woody climber) species richness is greatest in the tropical humid conditions of the 
latitude band 16-18°S and decreases with increasing latitude (Webb, 1968). Although 
lianes contribute only about 1-6% of the total above-ground biomass in moist tropical 
forests, they have been shown to make a very substantial contribution to the foliage of 
the canopy and thence to litter production (Putz, 1983). In Australia, Hegarty (1988) 
found that they contributed about 24% of all leaf litter in a rainforest stand near 
Brisbane. 

The climbing habit is a derived one, being characteristic of some of the later 
families in the fossil record and has developed independently in many taxa (Hegarty, 
1989). Its evolution in so many unrelated groups suggests that there are strong selective 
pressures favouring it in tropical plant communities with closed canopies, and 
competition for light is certainly one of these main pressures (Gentry, 1985). In NSW 
native rainforest climbing plants are found within more than forty families, represent- 
ing about seventy genera and 120 species, roughly 30% of the number of native 
rainforest trees and shrubs in the same state (Williams, 1979). 

The epiphytic, strangler and climber growth forms often grade into each other over 
the life of an individual (Richards, 1952; Kelly, 1985). Stranglers have been excluded 
from this present study but a small climbing fern (Arthropteris tenella) (Forster. f.) Smith, 
usually regarded as an epiphyte and lithophyte, has been included. A distinction will be 
made between lianes (woody climbers) and thin wiry climbers (stem diameter usually 
less than 1 cm). 
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Trellis (support) requirements and forest structure influence the distribution 
of lianes in the forest and an individual’s probability of reaching the canopy. Trellis 
availability was found to be a major factor controlling liane access to the forest canopy 
(Putz, 1984a; Hara, 1987). Thus, lianes are more likely to reach the canopy via the edges 
of treefall gaps, where closely-spaced, small-diameter supports (tree and liane stems) are 
abundant, than from the primary-forest floor (Penalosa, 1983; Putz, ibid.). However, 
climbing plants do not necessarily have to reach the canopy to be successful. There are 
shade-tolerant and light-demanding species (Grubb et al., 1963); the majority of thin 
wiry climbers belong to the former group and go through life shaded in the understorey. 

The dependence of climbers on other plants for support means that the possession 
of specialised organs, to assist in climbing, may be advantageous. Four main climbing 
mechanisms are recognised: 


1) Teéndril climbers: modified leaves, leaflets, inflorescences or stipules twine around a 
support; 

2) Root climbers and adhesive-tendril climbers: attached to sides of the support with 
glandular secretions or by growing into crevices; 

3) Twiners: the apical portion of the shoot, the branches, or petioles twine around the 
support; 

4) Scramblers and hook climbers: lean on but do not become closely attached to the 
support. 


The main aim of this present study is to describe how individual native climber 
species fit into the three-dimensional structure of the rainforest in which they occur. Are 
there recognisable differences amongst species, in terms of micro-habitat preferences 
within that three-dimensional structure? What are some of the growth characteristics 
enabling climbers to obtain a favourable position for photosynthesis? A stand of dry 
rainforest was selected for study at Moonabung Falls (32°36’S/151°31’E), 10 km west of 
Paterson and 45 km north west of Newcastle. For a description of the dry rainforest sub- 
formation see Williams et al. (1984). This rainforest type commonly has a rich and 
abundant climber component. Some other aspects of the Moonabung Falls stand have 
recently been examined by Vernon (1985) and Doyle (1990). 


STUDY SITE 


The Moonabung stand is confined to the slopes of a shallow gorge within which two 
streams join (Moonabung and Webbers Creeks). The upstream boundaries of the stand 
are delimited by falls on each creek. Most of it is situated on the south-facing side of the 
gorge; only this part was sampled in the present study, an area of about 13 ha in a total of 
19 ha. The altitude ranges from 55 m to 125 m. 

The area is underlain by the Paterson Volcanics, which are of Carboniferous 
age and consist of acid crystal tuffs, conglomerate, sandstone and acid lavas. The soils 
of the study area have formed mainly from rhyodacite. They are predominantly skeletal 
and, according to Vernon (1985), are of low-to-medium fertility (oligotrophic 
to mesotrophic). A late-summer rainfall peak dominates the yearly distribution 
(Bridgman, 1984) and average annual rainfall was estimated to be about 1000 mm at 
Moonabung Falls by Vernon (ibid.). 

The stand is considered to be mature in composition and structure, and very 
largely free of disturbance except for the invasion of the shrub/scrambler, Lantana camara 
L. Using the structural/physiognomic classification developed by Webb (1968, 1978), 
Moonabung was classified by Vernon (1985) as simple notophyll low vine forest 
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(SNLVF). The canopy is uneven and ranges from 14 to 18 m in height. Scattered 
emergents (mainly Ficus macrophylla Dest. ex Pers.) of 20 to 25 m in height are present 
and there is a discontinuous small tree layer from 5 to 8 m. The shrub layer is sparse and 
consists of only a few species. Lantana camara is abundant only in the larger canopy gaps 
and at the edges of the stand. Vernon found the most abundant tree species to be 
Mallotus philippensis (am.) Muell. Arg., followed by Drypetes australasica (Muell. Arg.) 
Pax and K. Hoffm and Streblus brunonianus (Endl.) F. Muell. and she assigned the stand 
to the Drypetes —Araucaria Alliance and to the Ficus spp. — Streblus — Dendrocnide — Cassine 
Suballiance proposed by Floyd (1990). For this stand she found an overall mean basal 
area of 47m?/ha for tree stems = 10.0 cm gbh (girth at breast height, 1.4 m). 


METHODS 


,The main sampling requirement was the objective selection of a reasonably large 
sample (hundreds) of native climbers from across the stand. ‘To address the main aims of 
the project, a series of observations and measurements was carried out on each climber 
and its support(s). At the same time, it was desirable to provide across-stand estimates of 
climber density and basal area because there is a lack of this kind of basic information 
for climbing plants in Australia. A plotless method of sampling would allow these two 
needs to be fulfilled. The point-centred quarter method was chosen because, of those 
plotless methods available, it is usually regarded as the most efficient (Cottam and 
Curtis, 1956). As a start, ten points were randomly selected from the points of inter- 
section defined by a right-angled grid system (25 m x 100 m) across the stand. Only the 
nearest climber in each quarter was utilised for the density and basal area estimates. 
Such a restricted choice is an integral part of this plotless method. For the other 
measurements however, a larger sample was obtained (but one based on the objective 
framework provided by sampling for the quarter method) by selecting the five nearest 
individuals. 

More climber species were encountered than the thirteen species expected on the 
basis of a previous study by Vernon (1985) and twelve additional grid points were later 
randomly chosen to increase the number of points for the climber density and basal area 
estimates to twenty-two. Stem circumference measurements at the point of emergence 
from the soil were used for basal area estimates. Any randomly-chosen grid point that 
fell into an area heavily infested with Lantana camara was excluded and another random 
point selected. As a result of this exclusion criterion it is believed that the larger canopy 
gaps may have been undersampled. 

In each of the four quarters of the ten initially-chosen points, the stems of the five 
closest adult climbers were followed, regardless of extent, and measurements (see below) 
of each support utilised by the individual climber were recorded. A climber was 
regarded as one individual even if additional roots formed along its stem(s), as long as 
the stem system clearly remained alive between the rooting points. Thin wiry climbers 
were separated into climbing (adult) and non-climbing (seedling) individuals (following 
Putz, 1984a) and lianes were separated into = 1.0 cm stem-diameter (adult) and 
< 1.0 cm stem-diameter (seedling) individuals. For each adult climber the following 
observations and measurements were taken: 


1) Identification of climber species 

2) Emergence diameter (or circumference) of the climber — within 10 cm of the point 
of initial emergence from the ground 

3) Ascent diameter (or circumference) of the climber — stem diameter at breast height 
(dbh), approximately 1.4 m above the ground 
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4) Identification of support species 

5) Support (tree or sometimes a liane) diameter (or circumference) at breast height 

6) Estimated height of the support(s) (to the nearest 0.5 m) 

7) Direct distance from the nearest rooting point to the centre of the base of the next 
support (to the nearest 0.1 m). The nearest rooting point could have been either the 
point of initial emergence or a secondary rooting point, either on the way to the first 
support or between successive supports 

8) Number of secondary rooting points along the stem(s) 

9) Maximum height reached by the climber on each of its supports (to the nearest 
0.5 m). 


The five nearest climber seedlings in each quarter were also selected at the same ten 
grid points. Each plant was identified and stem diameter, seedling height and length 
were measured. 


RESULTS 


Some Basic Features 

At least twenty-seven climber species are present in the Moonabung rainforest 
stand, representing seventeen families and twenty-five genera (Appendix). At 
Moonabung, the density of adult native climber individuals was estimated to be 520/ 
ha, while the density of seedlings was estimated as 7950/ ha. In the same stand, Vernon 
(1985) found a mean tree density (stems = 3.2 cm dbh or 10.0 cm girth) of 1870/ha. The 
relative abundances of the main species are also set out in the Appendix. An across- 
stand Importance Value (IV) has been used as an index of abundance. In the calculation 
of this IV across all eighty-eight of the sampled quarters, relative numbers, frequency 
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Fig. 1. Frequency distribution of emergence stem diameters for all native climber species within the 
Moonabung rainforest stand. 
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and stem basal area have been given equal weight. Austrosteenisia blackuw (F. Muell.) Gees 
has the greatest across-stand IV of the climber species within the stand followed by 
. Parsonsia straminea (R. Br.) F. Muell. 

The liane species in the study area have a wide representation in NSW, both in an 
overall spatial (north-to-south) sense and across rainforest types. The ten species 
examined hereafter in some detail are common in dry rainforest, nine of them (exclud- 
ing Morinda acutifolia) also occur in the subtropical rainforest subformation and some of 
them even in warm temperate (four species) and cool temperate (two species) rainforests 
(Williams, 1979). 

The frequency distribution of stem diameters of all native climber individuals is 
shown in Fig. 1. The abundance of climbers in the smallest diameter class indicates that, 
as a group, climbers are presently developing in large numbers to the seedling stage in 
the rainforest understorey. Individual frequency distributions of the more common 
woody species show weakly bimodal size distributions (Chalmers, 1991). This pattern is 
masked in Fig. 1 by the differences in stem size between species, 1.e. the second peak of 
the smaller liane species overlaps the trough of the larger liane species. Doyle (1990) 
found that the strangler figs (Fvcus macrophylla and Ficus superba Miq.) in the Moonabung 
rainforest stand have a bimodal distribution pattern. 

The frequencies of the different climbing mechanisms used by the climbers at 
Moonabung are presented in ‘Table 1. Twining is the most common mechanism, in 
terms of both number of species and number of individuals. The predominance of the 
twining mechanism was also reported by Putz and Chai (1987) in Sarawak and by 
Hegarty (1988) in south-east Queensland. The main climbing mechanism of each of the 
climbers at Moonabung is given in the Appendix. 

Several species use a combination of climbing mechanisms simultaneously, or in a 
sequence. Three of the twiners, Rzpogonum album R. Br., Malaisia scandens (Lour.) Planch 
subsp. scandens and Farsonsia velutina R. Br. have prickles or hooks along their twining 
stems. In contrast to the sturdy prickles of R. album, the minute hooks on the leaders of 
M. scandens subsp. scandens (also noted by Cribb, 1985 and Hegarty, 1988) and P. velutina 
can be seen only with a hand lens. The woody root climber, Parsonsza straminea, climbs 
only by adventitious roots in the seedling stage and begins to twine around its support as 
it matures. The stems of mature individuals of P. straminea often lose their adventitious 
roots and become detached from the trunk of their support tree. 


TABLE 1 


Number of native species and the proportion of adult individuals using each climbing mechanism at Moonabung 


Proportion of adult climber 


Main Climbing Mechanism Number of species individuals (%) 
‘Twiners 19 69 
Root climbers 2 17 
‘Tendril climbers 4 13 
Scrambler/hook 1 1 


Support Stem Thickness as a Constraint for Climbers 

Using the present data, frequency distributions of climber presence against 
support-tree stem diameter at breast height have been drawn up for twiners, tendril 
climbers and root climbers in turn (Fig. 2). A distinction has been made between 
climber stems less than 1.0 cm in diameter and those equal to or greater than 1.0 cm. It 
seems reasonable to assume that all or most members of the former group have only 
recently begun to climb. 
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Fig. 2. Frequency distributions of climbing plants (twiners, tendril climbers and root climbers separately) on 
supports of different stem diameters (at breast height). 


Twiners and tendril climbers are unable to climb supports with large diameters. 
Most young twiners occur on supports of less than 10 cm diameter, most young tendril 
climbers occur on supports of less than 5 cm diameter. On the other hand, root climbers 
of stem diameter less than Icm are present on a wide range of support-stem diameters. 

It might be expected that, for the twiners and tendril climbers, climber and support 
stem diameters would be positively correlated. This expectation is bourne out when 
product-moment correlation coefficients are calculated for the data on which Fig. 2 
is based (for twiners, r = 0.65, p < 0.01; for tendril climbers, r = 0.73, p < 0.01). 
For the root climbers, however, the calculated correlation coefficient (r = 0.18) is not 
significantly different from zero at the 1% probability level. 


Horizontal Extent 

The results of measurements of direct distance from the nearest rooting point to the 
base of the next support are shown in Fig. 3 for the ten most abundant liane species. 
This measurement gives an indication of the capability for local spread. Figure 3 
indicates that Morinda acutifolia (F. Muell. ex Benth.), Parsonsza velutina and Jasminum 
volubile Jacq. are fairly restricted and are generally limited to supports 1-2 m away froma 
rooting point. Observations indicate that stems of Cissus antarctica F. Muell. Vent., 
Tetrastigma nitens (F. Muell.) Planch. and Malaisia scandens subsp. scandens tend to ramble 
extensively over the shrub and small-tree layer. In contrast, horizontal spread near the 
tops of canopy trees is common for Austrosteenisia blackit, Legnephora mooret, Pandorea 
pandorana (Andr.) Steen. and Parsonsia straminea. Of these, Parsonsia produces twining 
leaders which can spread between support crowns and remain established there even if 
the initial support (climbed with adhesive roots) has fallen. Thus, P. straminea differs 
from most other root climbers, which depend on adhesive roots only; the latter have 
previously been noted as being unable to spread to neighbouring supports (Darwin, 
1875; Hegarty, 1988). No other root-climber lianes were observed at Moonabung Falls. 

Most lianes at Moonabung have self-supporting leading shoots which generally 
point in an upward direction. Putz (1984a) commented that the distance that a liane can 
traverse between supports is determined by the length of the stem it can hold erect out of 
the top of a support. Cissus antarctica has relatively rigid, thick, self-supporting (to a 
certain length) leaders and these usually point in a more upward direction than the 
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leaders of Tétrastigma nitens. ‘This observation may partially explain the large difference 
apparent in Fig. 3 between these two tendril climbers. 


Liane Species 


LS) wo e 
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Distance from liane to host base (m) 
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Cissus antarctica 
Jasminum volubile 
Legnephora moorei 

Malaisia scandens 
Morinda acutifolia 
Parsonsia straminea 
Parsonsia velutina 
Tetrastigma nitens 


Pandorea pandorana 


Austrosteenisia blackii 


Fig. 3. Direct distance along the ground from each liane rooting point to the base of the next support along the 
stem. Values are mean distances for adult climber individuals (vertical bars are 95% confidence limits). 


Most climbers are supported by more than one support and the average number of 
supports (no lower dbh limit) per individual of all the climber species (lianes and thin 
wiry) observed at Moonabung, was 3.9 (standard error = 0.28, n = 174). The greatest 
number of supports — twenty-three — was recorded for an individual of Malaisza 
scandens subsp. scandens; about half of them were <4m in height. 


Seedlings and Vegetative Reproduction 

The relative frequencies of liane seedlings observed in the Moonabung rainforest 
stand are shown in Fig. 4. The greatest number of seedlings was produced by Jasminum 
volubile (32% of the total), while seedlings of Parsonsza velutina and Parsonsia straminea were 
also relatively common. No seedlings of Legnephora mooret (F. Muell.) Miers and Cissus 
antarctica were seen at Moonabung even within gaps; Hegarty (1988) noted in her study 
that none of the fruits of these two species were observed to germinate in the rainforest 
stand at Mt. Glorious, even towards its edge. However, the sampling period at 
Moonabung occurred during severe drought conditions, a fact which should be kept in 
mind when considering the seedling patterns observed there. 

Regardless of their ability to produce seedlings beneath a closed canopy, most of the 
liane species at Moonabung can reproduce vegetatively. The potential for vegetative 
regeneration is demonstrated in Fig. 5 by the mean number of secondary rooting points 
per plant for the ten main liane species. Because of the large 95% confidence limits for 
certain species, only tentative conclusions can be made. However, it is apparent that 
some of the lianes (Parsonsia velutina, Parsonsia straminea, Pandorea pandorana, Jasminum 
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volubile and Morinda acutifolia) are less likely than the others to form secondary rooting 
points. There is a significant negative correlation (Spearman rank correlation co- 
efficient, r, = -0.59; p <0.05) between the mean number of rooting points per 
individual for each liane species and the logarithm of the number of seedlings observed 
for that species. Such a correlation implies that species with a low potential for 
vegetative reproduction produce a greater number of seedlings than those species with a 
high potential for cloning. The data in Fig. 5 suggest that both Legnephora moore: and 
Cissus antarctica are readily able to reproduce vegetatively. ‘This characteristic may allow 
their long-term persistence in the stand despite the competitive threat posed by Lantana 
camara which, because it dominates the larger canopy gaps, may seriously inhibit the 
seedling regeneration of these two lianes. 
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Fig. 4. Relative numbers of liane seedlings observed within the Moonabung rainforest stand. Only the most 
abundant species are included (refer to Appendix). 


Vertical Distribution 

The vertical distribution of adult climber individuals (regardless of species) within 
the rainforest stand at Moonabung is illustrated in Fig. 6. Because climbers generally 
occur on a number of supports in reaching their preferred position, each individual in 
Fig. 6 has been included only in the highest zone reached by it (following the approach 
of Grubb et al., 1963). Stratification of climber individuals within the rainforest 
structure 1s apparent, with two main peaks being recognised. The lower peak of climber 
individuals at 2 to 4 m represents the thin wiry (shade-tolerant) climbers, which seldom 
grow higher than the shrub and small-tree layer or which occur on rock-faces. A large 
proportion (70%) of climbers is found in the upper layer (6 to 16 m), with a peak in the 
10 to 12 m height zone, and this group consists wholly of lianes. The wide range of 
heights occupied by lianes in the upper layer is presumably due to slight differences in 
preferred heights between species, to unevenness in tree canopy height and to the 
presence of some climbers still actively climbing towards their preferred position. 
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Fig. 5. Number of secondary rooting points for the most abundant liane species. Values are means per adult 
liane individual (vertical bars are 95% confidence limits). 
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Fig. 6. Vertical distribution of adult climber individuals (all species combined) within the Moonabung 
rainforest stand. Each individual has been included only in the highest zone it reached. Height (above the 
ground) classes are 0-1.9m, 2.0-3.9m, 4.0-5.9m etc. 
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The decrease in the number of climber individuals in the 16 to 20+ m height zone is 
mainly due to the corresponding decrease in the number of available supports at these 
heights, i.e. the canopy generally ranges in height from 14 to 18 m with only scattered 
emergents present up to 25 m. Further, the relatively low number of individuals in the 0 
to 6 m height zone reflects the sparseness of the shrub and small-tree layer within 
the Moonabung rainforest stand. The minor peak at the 6 to 8 m height zone may 
correspond to the discontinuous small-tree layer mentioned previously. The stratifica- 
tion of climber individuals at Moonabung is, to some degree, related to the vertical 
abundance of supports. 

The vertical distribution of each of the main liane species 1s shown in Fig. 7. Means 
(and 95% confidence limits) are presented of the maximum height of adult climber 
individuals on each support they encountered. Three groups of species can be dis- 
tinguished. Light-demanding species, typically found at the top of canopy trees, are 
represented by Austrosteenisia blacku, Legnephora mooret, Pandorea pandorana and Farsonsia 
straminea. Shade-tolerant species, typically found in the shady environment at inter- 
mediate heights, are represented by Morinda acutifolia, Parsonsia velutina and Jasminum 
volubile. 

The third group consists of species with extensive shoot systems that use the shrub 
and small-tree layers to climb progressively towards their preferred position. Inclusion 
of the heights at which these actively-climbing branches are found (on shrubs and small 
trees) in the calculations, resulted in the overall mean maximum height being lower than 
the final preferred position (assumed to be the maximum height of the main stem). In 
the case of Tétrastigma nitens and Cissus antarctica this preferred position was at the top of 
the canopy and for Malaisia scandens subsp. scandens it was an intermediate-to-canopy-top 
position. 

In general, there is little variation between the liane species in the relative vertical 
position they occupy on their support; most are found in the top 30% of their support 
(i.e. 70% to 100% of the support height). Thus, shade-tolerant liane species, indicated 
in Fig. 7 as occurring at intermediate heights, are occupying positions at the top of small 
or medium-sized trees and the light-demanding species are generally found towards the 
top of canopy trees. Presumably, light intensity is greater in the top 30% of the support 
tree, and this is advantageous to both shade-tolerant and light-demanding species. 


Support Preferences 

‘To determine whether climbing plants demonstrate a preference towards particular 
support tree species, the number of individuals observed as supports was compared with 
the number of individuals expected to be acting as supports. Assuming that each 
support individual has an equal chance of being invaded by a climber then the number 
expected as supports for each tree species should have the same distribution as the 
overall tree population. Relative densities of tree species at Moonabung, from which the 
numbers of individuals expected as supports were calculated, were obtained from S. 
Vernon (unpublished data) and are presented in Table 2. The number observed as 
supports included only those of adult climbers, to ensure that successful invasions of 
supports were being considered. Further, only support trees = 10 cm gbh were included 
to make the data of the present study comparable with those of Vernon. 

There is a significant difference between the observed and expected frequencies 
(chi-squared value = 95.9, p <0.001) suggesting that, overall, climbing plants 
demonstrate support preferences. Table 2 indicates for instance that climbers show a 
preference towards Streblus brunonianus. This tree may be a favourable support because of 
its small leaf-size and sparse foliage which may reduce competition for light between the 
climber foliage and the foliage of its support. Further, its relatively low, much-branched 
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crown may well make it accessible to climbers. The results suggest that spines on the 
trunk and branches of Capparis arborea do not reduce its susceptibility to climber 
invasion, there being little difference between the observed and expected numbers. This 
observation also supports those of Putz (1984b) for similar trees in a tropical moist forest 
in Panama. There was a low frequency of climbers on the small trees Cleistanthus 
cunninghamu Muell. Arg. and Alchornea tlictfolia (J. Smith) Muell. Arg., possibly because 
there are few climber species whose preferred position (and therefore support) is in the 
understorey. Baloghia inophylla (Forst. f.) P. Green has relatively large leaves and a 
particularly dense crown and these characteristics may partially explain the trend away 
from this species. Mallotus philippensis, the most abundant tree species at Moonabung, 
was also not favoured but the reason for this is not readily apparent. 
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Fig. 7. Vertical distribution of the ten most abundant liane species within the Moonabung rainforest stand. 
Values are mean maximum heights of adult climber individuals (vertical bars are 95% confidence limits). 


Table 2 indicates that the frequency of climbers on the less common species within 
the stand (i.e. the remainder of the tree species) 1s greater than expected. Such a trend is 
difficult to interpret, but may be partially due to the fact that seven of the twenty-seven 
plots from which Vernon (1985) determined overall relative tree density were located on 
the southern side of Webbers Creek, which was not sampled in the present study. For 
this reason, the support preference data should be interpreted with caution and 
differences in support preference between individual climber species will not be 
examined here. However, it is possible that inter-specific differences in support 
preference amongst climbers do occur as a result of differences in the position they 
occupy in the vertical structure of the rainforest and in their climbing characteristics. 


DISCUSSION 


Patterns of Vertical Distribution 
The way in which climbing plants fit into the three-dimensional structure of the 
rainforest stand is related both to the disposition of trees and shrubs and to the growth 
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characteristics of the climbers themselves. In the Moonabung Falls stand the shrub and 
small-tree layer is sparse and discontinuous and the number of adult climbing plants 
within this height-zone is relatively low. Generally, thin wiry climbers occupy this part of 
the understorey and these climbers are few in number and in species here. 


TABLE 2 


A comparison between the observed and expected number of trees (= 10.0 cm gbh) of each species 
acting as climber supports at Moonabung 
Expected number of support trees calculated from Vernon’s unpublished data — see 
text for explanation. Chi-squared value = 95.9, p <0.001. 


Number of Trees - Number Expected 
Host Species Observed as Hosts as Hosts 
Mallotus philippensis 95 121 
Drypetes australasica 68 49 
Streblus brunonianus 77 48 
Cleistanthus cunninghamu 27 42 
Capparis arborea 31 34 
Dendrocnide photinophylla Zap 28 
Baloghia inophylla 20 43 
Olea paniculata 34 29 
Brachychiton discolor 10 17 
Dendrocnide excelsa 7 16 
Sarcomelicope simplicifolra 18 9 
Alchornea illicifolra 1 9 
Croton verreauxtt 9 7 
Elattostachys nervosa 5 6 
Remainder of tree species 91 57 
Total 515 515 


The foliage of most climbers 1s found within a broad zone encompassing the crowns 
of the medium and large trees of the uneven canopy layer. Lianes are characteristic of 
this zone and the wide range of heights occupied here is partially due to differences in 
preferred heights between liane species. Shade-tolerant lianes, such as Parsonsia velutina, 
Morinda acutifolia and Jasminum volubile, occupy positions at intermediate heights, while 
the light-demanding lianes occur towards the top of the canopy. These light-demanding 
species are Austrosteenisia blackit, Legnephora mooret, Cissus antarctica, Tetrastigma nitens, 
Pandorea pandorana and Parsonsia straminea. Above this broad zone, the number of climbers 
decreases as the number of available supports decreases, until only scattered emergent 
trees are present. Only light-demanding species are found in these exposed positions: 
the only climbers observed at the top of emergent trees were Austrosteenisia blacku and 
Pandorea pandorana. 

The vertical position of the foliage of the lianes at Moonabung 1s described in ‘Table 
3 which summarises the observed growth characteristics of the individual species. There 
is some overlap between the four successive categories especially in the case of Jasminum 
volubile; its position ranges from the top of the crown of small trees to very occasionally 
the inner crowns of large trees. 

In general, the shade-tolerant species found at intermediate heights (Morinda 
acutifolia, Parsonsia velutina and Jasminum volubile) have relatively limited horizontal 
spread, while the six light-demanding canopy-top species mentioned above are 
relatively far-ranging in their horizontal extent. Similarly, Grubb et al. (1963) observed, 
in montane and lowland rainforest in Ecuador, that light-demanding climbers 
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commonly spread from tree to tree in the canopy and tie the trees together, while 
the shade-tolerant climbers seldom spread from tree to tree. Perhaps there is little 
_ advantage in spread for the shade-tolerant species because photosynthetic gains would 
be likely to be small, due to the low light intensity in the understorey, and might not 
compensate for the additional investment in stems and foliage. 


Characteristics of the Support 

A consequence of the climbing habit is that climbers require an additional 
resource, i.e. a support. The climbers at Moonabung demonstrate a preference for 
certain support-tree species, including Streblus brunonianus. It is suggested that suitability 
as a support may be related to its leaf-size and density of foliage, as well as accessibility 
in terms of the degree of branching and the depth of its crown. In general, there appears 
to be a trend away from the larger-leaved supports (e.g. Brachychiton discolor F. Muell., 
Dendrocnide excelsa (Wedd.) Chew, Mallotus philippensis and Baloghia inophylla) and a 
preference towards the smaller-leaved supports (e.g. Streblus brunonianus, Olea paniculata 
L. and Drypetes australasica). 

Most of the climbers at Moonabung were shown to require support stems of small 
diameter when they first begin to climb, depending on the climbing mechanism used. 
Most young apical twiners at Moonabung climb only on supports <10 cm in diameter; 
most young tendril climbers climb only on supports <5 cm in diameter. These results 
agree substantially with those of Putz (1984a) and Hegarty (1988) who found that tendril 
climbers require small-diameter supports while apical twiners can climb slightly larger 
supports but are also unable to climb large-diameter supports. 

Thus the shrub and tree composition of the rainforest stand will strongly influence 
the vertical and horizontal distribution of climbers. Three of the tendril climbers present 
at Moonabung (Cissus antarctica, Tetrastigma nitens and Cayratia clematidea (F. Muell.) 
Domin.) were designated as early successional species by Hegarty (1988), in her study in 
a stand of sub-tropical rainforest in south-east Queensland. It was observed at 
Moonabung that these species climb the relatively small-sized supports which would be 
expected to be abundant in disturbed rainforest. Hegarty (ibid.) also found that root 
climbers belong to a later successional group, a result in agreement with the observation 
here that root-climbers climb a wide size-range of supports including large supports. 

Three liane species in particular, Cissus antarctica, Tetrastigma nitens and Malaisia 
scandens subsp. scandens, make extensive use of the shrub and small-tree layer to climb a 
series of successively taller supports to their preferred positions. Most of the observed 
climbing stems of these species were branches, still dependent on the parent plant, 
and they spread considerable distances through the understorey (see Table 3). The 
fact that tendril climbers (the first two of the three species mentioned above) initially use 
supports of small diameters suggests that they usually step up towards the canopy, often 
using only temporary supports (twigs and petioles). Such a characteristic may appear 
fairly inefficient in terms of the distance which must be travelled to reach the canopy; 
however, the energy cost of production of tendrils is relatively cheap and the length 
of stem required to ascend to the same height is greater for a twiner than a for tendril 
climber (Darwin, 1875; Jaffe and Galston, 1968). Further, such a strategy may well be 
affordable if the branch is still attached to the parent liane so that exploration can be 
subsidised by the foliage already established in the canopy. Malazsia scandens subsp. 
scandens is the only twiner at Moonabung observed to use this strategy of climbing 
progressively larger supports to step up towards its preferred position. 

Considering that most climbers are unable to climb large-diameter supports, two 
features characteristic of rainforest communities may aid in providing a diversity of 
favourable-sized supports. The suppressed growth of most of the saplings of canopy 
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species is advantageous to climbers, because such saplings provide potential supports 
of a suitable diameter. Disturbance of the canopy by treefalls will also increase the 
abundance of small-diameter supports. Since the presence of climbers increases the 
probability of their support tree falling (Putz, 1984a) and because climbers tie many 
supports together, they may (to some extent) regulate community structure to their own 
advantage by increasing the frequency of disturbances (i.e. treefall). A mosaic of 
disturbed and undisturbed areas not only provides a diversity of support-sizes but also 
allows maintenance of the populations of those climber species able to regenerate only in 


gaps. 


Climber Persistence 

The diameter distribution of the climber population at Moonabung (Fig. 1) shows 
an abundance of individuals in the smallest diameter class and a rapid decline in 
numbers to the second diameter class. Many of the plants in the smallest diameter class 
may be held there for lengthy periods because of the absence of a canopy opening above 
and/or the lack of a suitable support. The weakly bimodal nature of the individual 
frequency distributions of the more common woody species may come about if those 
plants which escape growth suppression on the forest floor are able to grow rapidly 
through the next-to-smallest size-classes, as suggested by Richards (1952) and Knight 
(1975). Perhaps the irregular frequency distributions shown by some of the liane species 
may result in part from the intermittent creation of treefall gaps. 

In contrast to the observations of Penalosa (1984) in Mexico, it was found that most 
of the liane species at Moonabung produce shade tolerant seedlings able to regenerate in 
closed forest. Exceptions are Cissus antarctica and Legnephora moorei, which seem to be able 
to regenerate by seedlings only in gaps. Most of the liane species are also capable 
of vegetative reproduction, although it is apparent that some species have a greater 
potential for it than others (see Table 3). The widespread ability to form secondary 
rooting points allows the liane to be growing at the distal end while the stem at the point 
of initial emergence is dying off through senescence. This phenomenon has also been 
described by Ray (1983) for a climbing aroid in Costa Rica. He remarked that although 
no part of the plant (other than the apex) actually moves, the plant as a whole becomes 
displaced over time. The same thing probably happens with some of the lianes at 
Moonabung over long time periods. 

The model set out by Penalosa (1984) to explain the maintenance of lianes in a 
stand of evergreen rainforest in Mexico seems applicable to at least some of the lianes 
found at Moonabung. He proposed that new liane genets (individuals produced by 
sexual reproduction, and therefore having a unique genetic constitution) begin growth 
in disturbed sites (especially treefall gaps) and, depending on the species, genet recruit- 
ment results from the germination of dormant seeds, release of shade-suppressed 
seedlings or increased survivorship of seeds and seedlings in clearings. As the gap 
closes, lianes both climb towards the forest canopy and are carried up by tree saplings. 
Branching of the original colonising genet results in a system of interconnected 
daughter canopies (ramets). These connections can become severed and the ramets can 
thus become entirely independent of each other. As the genet grows, its ramets flower 
and a seed rain is produced. A few of the seeds may reach other gaps and the whole 
process is repeated (Penalosa, ibid.). It is suggested that at Moonabung this type of 
behaviour may occur in those liane species which do not produce seedlings under a 
closed canopy (Cissus antarctica and Legnephora moore) and in those species with superior 
ability to form ramets (also C. antarctica and L. moorei as well as Malaisia scandens subsp. 
scandens, Tetrastigma nitens and Austrosteenisia blackit). 
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At Moonabung the light-demanding species tend to establish daughter canopies 
(usually large) in the full sunlight on the tops of canopy trees. Establishment of daughter 
canopies by shade-tolerant lianes is not as common, with the exception of Malaisza 
scandens subsp. scandens for which small daughter canopies are frequent in the under- 
storey. This species also forms small leafy canopies which spraw] over large rocks. 

The advantage of the establishment of daughter canopies (ramets), and their 
spread in the understorey and the canopy, is considerable. Liane canopy growth is 
under hydraulic constraints, being ultimately limited by stem thickness; thus a liane can 
increase its leaf-area without excessive stem thickening (thickening being a contradic- 
tion of the climbing habit) by producing daughter canopies (Penalosa, 1984). Such a 
strategy also increases the expected life-span of the genet because the risk of mortality is 
spread over a number of ramets and the fate of the genet is uncoupled from the fate of 
the first tree that it climbed (Penalosa, ibid.). 

However, the establishment and maintenance of stolon systems are costly 
(Penalosa, ibid.); for some liane species those costs may outweigh the benefits and their 
horizontal spread and ability to form stolons may be limited. For shade-tolerant species 
at Moonabung (Morinda acutifolia, Parsonsia velutina and Jasminum volubile) both explor- 
ation and the subsequent increase in leaf-area may not necessarily be advantageous. 
Further, these species can probably depend on sexual reproduction to maintain their 
populations. Of course there is an overlap in these different strategies, but two of these 
shade-tolerant species (J. volubile and P. velutina) were noted to be the biggest producers 
of seedlings within the stand (see Fig. 4 and Table 3). The findings so far suggest that the 
relative importance of the two reproductive strategies used by liane species is a topic 
worthy of further investigation. 
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CLIMBING PLANTS AND SUPPORTS IN DRY RAINFOREST - 


APPENDIX 


List of climbers observed in the Moonabung Falls stand, together with the climbing mechanism(s) employed by each and their 
relative abundances (Importance Values [IV's], see text) 


IV’s were calculated only for those native climbers with at least one individual with a stem = 1.0 cm diameter. 
Lantana camara is the only introduced climber. 


Family 
Apocynaceae 


Asclepiadaceae 


Bigononiaceae 
Celastraceae 
Cunoniaceae 
Davalliaceae 
Dioscoreaceae 
Fabaceae 
Menispermaceae 


Moraceae 
Myrsinaceae 
Oleaceae 
Ranunculaceae 
Rubiaceae 
Smilacaceae 


Verbenaceae 
Vitaceae 


Species 


Parsonstia straminea 
Parsonia velutina 
Gymnema pleiadenium 
Marsdenia flavescens 
Tlophora barbata 
Pandorea pandorana 
Celastrus australis 
Aphanopetalum resinosum 
Arthropteris tenella 
Dioscorea transversa 
Austrosteenisia blackit 
Legnephora mooret 
Sarcopetalum harveyanum 
Maclura cochinchinensis 
Malaisia scandens subsp. 
scandens 
Embelia australiana 
Jasminum volubile 
Clematis glycinozdes 
Morinda acutifolia 


Eustrephus latifolius 
Gettonoplesium cymosum 
Ripogonum album 
Lantana camara 
Cayratia clematidea 
Cissus antarctica 

Cissus opaca 

Tetrastigma nitens 
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(R. Br.) F. Muell. 
R. Br. 

F. Muell. 

Cunn. 

R. Br. 

(Andrews) Steenis 
Harvey & F. Muell. 
Endl. 

(Forster. f.) J. Smith 
R. Br. 

(F. Muell.) Gees. 
(F. Muell.) Miers 
F. Muell. 

(lour.) Corner 
(Lour.) Planchon 


(F. Muell.) Mez 

Jacq. 

DC 

(F. Muell. ex Benth.) 
F. Muell. 

Ker Gawler 

(R. Br.) R. Br. 

R. Br. 

L. 

(F. Muell.) Domin 

Vent. 

F. Muell. 

(F. Muell.) Planchon 


Climbing Mechanism 


root climber + apical twiner 
‘apical twiner + minute hooks 


apical twiner 
apical twiner 
apical twiner 
apical twiner 
apical twiner 
apical twiner 

root climber (epiphyte) 
apical twiner 
apical twiner 
apical twiner 
apical twiner 
scrambler + hooks 


apical twiner + minute hooks 


apical twiner 
apical twiner 
twining petioles 
apical twiner 


apical twiner 

apical twiner 

apical twiner + prickles 
scrambler + prickles 
tendril climber 

tendril climber 

tendril climber 

tendril climber 


Relative 
Abundance 
(IV) % 

15.9 


7.9 
2.4 


8.1 


23.7 
4.3 


1.1 
6.3 
1.7 
8.3 


Ue 


0.4 


Sod 
8.8 


100.0 
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Synopsis 

William John Macleay was most influential in stimulating interest in Australian 
natural history in the latter decades of the 1880s. His initial motivation was in the 
study of insects but later he broadened his energies into all branches of natural history, 
including anthropology. It is nearly impossible to learn of his developing interests in 
natural history because almost all of his correspondence was destroyed. The best known 
source of his activities in this field may be found in his extant diaries of 1874-1876 and 
1878-1881. Selected chronological entries from his diaries help illustrate the extent of his 
interests in natural history and point out some of his influential Australian and overseas 
colleagues. The entries also give an insight into the historic and scientific values of the 
Macleay natural history collections. A brief history of the collections after William 
Macleay’s death in 1891 follows the entries. Finally, questions are posed about the future 
of the Macleay family’s natural history collections. 


Key words: Australian zoological history, birds, insects, William John Macleay. 


INTRODUCTION 


The Macleay family was most influential in encouraging the study of natural 
history in nineteenth century Australia. They not only brought large collections to this 
country, but supported research and encouraged many people to assemble and study 
Australian natural history collections. 

Even today the insect collection assembled by the Macleays’ is the oldest and 
historically the most important in Australia. There are more than 600,000 specimens 
dating from the 1750s to the present, more than sixty per cent of which are exotic. This 1s 
the largest exotic insect collection in Australia. Over 900 insect types have so far been 
recognised in the collection but there are many yet to be discovered. ‘There are many, 
many fascinating avenues of research yet to be pursued in this vast collection alone. 

Alexander Macleay (1787-1848) brought to Australia, in 1826, what was described 
in contemporary accounts as the finest and most extensive insect collection then existing 
in the possession of a private individual. This collection was almost entirely historic 
foreign material but did include some eighteenth century Australian specimens, 
including types. Circumstantial evidence indicates that he brought other zoological 
collections as well but they are not well documented as yet. 

William Sharp Macleay (1792-1865) also brought a large insect collection to 
Australia in 1839. This also included historic exotic material and there was an extensive 
collection of invertebrates from Cuba. He also had a very large collection of the beetle 
family Scarabaeidae, his interest at the time. Other collections included Decapoda from 
South Africa, terrestrial invertebrates and marine specimens. There are several drawers 
of these pinned marine specimens in the collections today, labelled ‘SIO’ (South Indian 
Ocean) in his handwriting. 
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Strangely, neither of these gentlemen seemed to pursue entomology when they 
arrived in Australia. Alexander spent much of his energies on botany and William 
Sharp became more interested in marine biology and vertebrates. Though the insect 
collections were extensive and of great historic interest they were little used and it was 
not until William John Macleay began his interests in natural history that the Macleay 
collections began to branch out into all areas of natural history. Efforts of this gentleman 
are the subject of this evening’s address. 

Fletcher (1921, 1929) and Walkom (1925) gave detailed summaries of the lives and 
interests of the Macleay family based on material that was then known. There has been 
a severe handicap in learning of William John Macleay’s scientific life because Lady 
Susan Macleay wrote in 1898 ‘.. . regrets that she cannot produce any letters from 
Huxley as she destroyed all her husband’s correspondence’ (Dawson, 1946). I have spent 
much effort in trying to locate at least some of his correspondence to colleagues but with 
a singular lack of success. Though he wrote to many people, little correspondence seems 
to exist today, particularly in Australia and New Zealand. The best source of William 
John’s interest is natural history is in his known diaries. Walkom appended the following 
statement to Fletcher’s 1929 paper on the history of the Macleays: 

‘(Mr. Fletcher, on more than one occasion, told me that he had accepted the private journal 

of Sir William Macleay on the understanding that, when he had abstracted references to 

affairs concerning the Linnean Society, he would reverently destroy the journal since it 
contained much information of a private and confidential nature. I have, therefore, not 
omitted from the above Address any of the extracts quoted from the journal, since they are no 

longer available for reference. — A.B.W.]’ 

These diaries were not destroyed by Fletcher and they are now in the Mitchell 
Library. The diaries include the years 1874-1876 and 1878-1881. I have transcribed all of 
them onto computer files and they may be published in future. 

For this presidential address, I have selected entries of his diaries to help illustrate 
the extent of William John’s interest in natural history, note some of his scientific 
colleagues to show his broad interest in zoology and have included a few interesting 
collection techniques, two of which would not be acceptable today. One of the purposes 
of using his diaries 1s to help illustrate the historic and scientific values of the Macleay 
collections. I will also give examples to show that there is a wealth of information that 
can be pursued in future particularly to learn more of his collections. The extracts (with 
a few additions in square brackets [|_| ), and my annotations, will be in chronological 
order. These extracts will be followed by a brief history of the collections after William 
Macleay’s death in 1891 and questions are posed about the future of the Macleay’s 
natural history collections. 


1874 DIARY 


Macleay’s first entry is in its entirety. There is no mention that this is his first 
attempt of keeping a diary but I suspect, from the manner in which he started this diary, 
that he did keep earlier diaries or notebooks. 

“Thursday, 1 January 

At Colls Hotel Yass. Left Sydney on Tuesday evening by train with Mr Stephens & Masters 

having sent up covered waggonette, pair of horses & driver on the previous morning by train 

to Goulburn. On the following morning ascertained that waggonette was too small for 

party. Spent some hours in endeavouring to procure a larger & being unable to do so, hired a 

buggy & horse from Payten to assist as far as Yass. Started from Goulburn about midday. 

Mr Masters with the coachman & all the baggage in the waggonette, Stephens & myseslf in 

the buggy. Day intensely hot, reached Beaus Inn in the evening & stopped the night. Left 

Beaus at Sunrise this morning, breakfast about nine at Gap Inn, got a very good breakfast 

from Mrs Margules “inter alia” a roast wild duck, this being the first day of the season the bird 
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however was so very tender that we did not enquire as to the day it was bagged. Came on here 
after breakfast, left Mr Masters on Plain two miles from here to collect. Heat most intense. 
Nothing occurred worth noticing one of the horses yesterday in shying at a woman on horse- 
back got the breaching under his tail & commenced kicking but no harm was done. Country 
on the whole looking well dry but plenty of grass. The wheat crops only now having being 
reaped, very little land under crop. No unusual birds, saw this morning Cockatoo Parrots and 
Greenbeaks. Nothing remarkable in Insects. Masters states that the heat was so intense on 
the plains that nothing was to be found under stones & even ground beetles has ascended 
stalks of grass — the stones were too hot to touch.’ 


His entry for 3 January illustrates an interesting point. There was very little bio- 
logical information published on in his 39 papers on entomology — they were basically 
all taxonomic efforts. But he was interested in the biology of invertebrates and only in 
his diaries may we learn of some of his observations. ‘Two examples include: 


‘Saturday, 3 January 
He [Masters] took a fine new Stigomodera this morning on Blursoria on the big hill on the 
Jugiong side to Reedy Creek. I saw at Jugiong on lately killed box tree, species of 
Passandra, buried up to the scutellum with the abdomen protruding, showing that these 
insects whose larvae are undoubtedly subcortical, first bore the hole by their mandibles & 
then insert their eggs.’ 
‘Monday, 5 January 
I noticed on the river bank, the rushes with very many of a species of Asilus (not of much 
size) hanging on the stems each with a honey bee (English) in his grasp, from which he had 
extracted or was extracting the vital fluids, it seems extraordinary that an insect of this size 
would so invariably overcome a stronger apparently & certainly as large an insect as itself but 
the fact is undoubted & may account for the scarcity of the English bee in parts of the country 
where it once seemed likely to become enormously numerous.’ 


The bird collection in the Macleay Museum now has about 9000 specimens and 
more than 2500 species. Macleay noted the start of his ornithological collection with 
these comments: 

‘Monday, 26 January 

Masters came in the evening, he first packed away in a drawer of the table in my other room 

the birds we brought from the Murrumbidgee, they were mostly purchased from West at 

a cheap rate, but about six of them were shot & skinned by Masters himself. This the 

commencement of my ornithological collection numbers 35 species.’ 

The following comment is quite valuable because it gave an indication of how 
large the insect collection was at that time. The numbers of drawers also included the 
collections of Alexander and William Sharp: 

‘Friday, 30 January 

I finished & sent away some details of my collection for Deas Thomson. I make out that the 

joint collection occupies 800 drawers & the Library numbers about 2000 volumes.’ 

Undoubtedly the single most valuable contribution to the William John collec- 
tions was the hiring of George Masters as his curator. In the following extract, his 
comment on insect pins was prophetic — some of these unused pins are still in the 
Museum: 

‘Friday, 6 February 1874 

This was the first day of M’ Masters engagement with me as Curator at £300 a year. He came 

about 10 oclock, his usual hours will be from about 9 in the morning till 4 or 5 in the 

afternoon as may be found desirable with an hour & a half in the middle of the day for dinner 

& recreation. He brought with him this morning 3 1/2 lbs of Insect pins which he had found 

in the shop of some German in Bridge Street. They were very good & I was in much want of 

them, so I willingly bought them at the moderate price of 1/ per ounce £2.16.0 in all. I have 
now a supply which will last me for years.’ 


Macleay was decidedly keen to build his bird collection: 
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“Tuesday, 24 February 

I purchased from him [Masters] today 85 species of bird skins, 138 specimens in all. They 

seem to be very good skins & some of them are rare, the whole amounts to £13.15.6.’ 

Though Macleay was working hard at building up his collections, he gave attention 
to some collections assembled by William Sharp and possibly Alexander Macleay: 

‘Monday, 2 March 

Mr Masters laid out about 90 Butterflies, & in the afternoon we made a commencement 

of looking over & resorting & bottling the snakes lizards &c which have been bottled up 

in the collection for many years. They are heaped together without any order & there is no 
indication of name or country.’ 

The following entry is one of the first that gives an indication of his interests in 
marine biology. He surely was influenced by his cousin William Sharp but I believe the 
forthcoming visit of the Challenger Expedition prompted these actions: 

‘Monday, 9 March 

I ordered today at Lassiters a small steel crowbar chisel & hammer, so as to be fully equipped 

for the collection of marine animals when the weather gets cooler. 

Two very fine black bream were brought here this evening by Johnson, his days sport 

consisted of 4 dozen fine fish, the two he brought were he says different species one known as 

the harbour Bream the other as Sea Bream. I shall test their respective merits at breakfast 
tomorrow.’ 

Throughout his diary entries, William John presents himself as a very serious, 
factual person. His sense of humour is almost totally lacking, but there are a few gems of 
his very dry humour as evidence in the above entry. 

Macleay soon became quite dedicated to the collection of marine specimens. This 
entry also shows that he was willing to pay large sums of money for rare birds and 
reflects his interest in anthropology. 

‘Friday, 27 March 

Masters & I spent an hour this morning on the beach, & made a considerable collection of 

marine animals. .. . I made some additions to my collection to day by purchase. I have 

purchased through Mr Masters from one named Spalding a fine male of Menura Alberti 

[Albert’s Lyrebird] for £1 — & I purchased from Palmer for 4/ a skin thirty birds of which 21 

were species not previously in the collection. I also purchased & brought home from Palmer, 

a complete skeleton not articulated of an aboriginal female.’ 

Macleay continued to collect marine specimens avidly, possibly because he wanted them 
at hand when the naturalists from the Challenger would visit him shortly. He also 
experimented with preservation techniques, but the following experiment failed 
miserably: 

‘Monday, 30 March 

Masters & I went out in the boat alluded to about quarter to 12 taking lunch &c with us. We 

crossed to a small bay on the North side of the harbour laying between Cove & Bradley’s 

head, named Liardet’s beach & made a considerable collection of Annelids, with a few 
crustaceans, Mollusks & Fishes, these last the most extraordinary little things of most 
grotesque forms. We returned about 2.30 & on our way back captured a large Medusa which 

I am striving to preserve. I washed it well in fresh water & then poured a little strong spirits on 

it & I intend to repeat the operation tomorrow.’ 

The following entry may be of interest to members of the Linnean Society of New 
South Wales. More marine specimens were taken — the Challenger Expedition arrived 
two days later: 

‘Saturday, 4 April 

My fishing Picnic came off to day. The party consisted of D' Badham, Dalley, Stephens, 

Davis, Baillie of the Murrumbidgee, Captain Chapman, Forster, Masters & myself. Our 

accompanuments were a North shore Steamer, two watermens boats, George Mulhall & 

another & a fisherman’s boat with two fishermen. Jocelin who supplied edibles sent a cook & 

I brought with [me] my butler. Captain Chapman brought dredges &c & his Coxsman to 
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manipulate them. We got away from Circular Quay soon after 8 o'clock, called at the H.M.S. 

Dido for Chapman at Woolloomooloo Bay for the fishermen & at Rose Bay for Dalley. We 

had a most pleasant day which terminated at 6 P.M. I had with me 2 jars & 1 bottle of spirits 

& collected many species of Fish, Mollusca & Crustacea. The result of the dredging was not 

particularly good, nor was the fishing anything to boast of but we had enough to eat & full 

justice was done both to edibles & drinkables. D' Cox was prevented by a professional 
engagement from joining us.’ 

It is obvious that William John was keen to build his bird collection as quickly as 
possible: 

‘Sunday, 12 April 

I wrote to M. A. Boucard [London] giving him an order for 1000 species of birds.’ 

The following entry is included because it illustrates William John’s interest in 
marine invertebrates. He had apparently a very large collection of these animals but 
unfortunately little of this group now exists in the Macleay Mueum: 

‘Monday, 13 April 

An extremely hot day up to 10 o'clock after which a sea breeze sprung up. As it was low tide 

between 11 & 12, Masters & I went out in a boat about 10 oclock returning at 1. We went to 

Clark Island & got among the rocks there a great many fine things, chiefly shells, Mollusks, 

one very large & very peculiar, which we afterwards lost in some way. We also got some fine 

Echini, Asterias, & Ascidians & a few fine Annelids. Upon the whole a most fortunate day, 

our mistake being our not having sufficient jar & basket room, & having lost too much of the 

tide before starting. In the afternoon we washed & sorted our captures of the morning.’ 

George Masters was an excellent curator and collector. He was particularly skillful 
with an air rifle and shotgun and often attended pigeon shoots and winning prizes. This 
entry is the first in Macleay’s diaries to refer to his museum thusly: 

‘Wednesday, 15 April 

Mr’ Masters went to a pigeon match in the afternoon, so that very little was done to day in the 

museum (Macleayan).’ 

The following 1874 entry is important to help illustrate William John’s ideas of how 
the insect collections should be curated: 

‘Friday, 17 April 

A beautiful clear day with west wind. Masters & I sorted our collection of yesterday in the 

forenoon & in the afternoon moved some specimens of Australian Coleoptera from the W. S. 

Macleay cabinets to my Cabinent of Australian Coleoptera. I have determined now as the 

two collections are going the same way no longer to keep them separate but to have the one 

collection only, known as the Macleay collection. The Australian insects being more 
complete in my Cabinet I intend to use it for the purpose while the foreign insects for the 
same reason I will accumulate in the W. S. Macleay cabinets.’ 

The Challenger expedition was still in Sydney and perhaps this may have influenced 
Macleay’s purchase of the following invertebrates: 

‘Monday, 20 April 

M! Brazier came in the morning with a fine collection of over 70 species of Crustaceans from 

New Caledonia & about 20 species of Echini & Asteriads from the same place. I gave him £10 

for the lot, rather a high price, but it would not be easy to get such a collection again.’ 

Macleay was a trustee of the Australian Museum in 1874 and there must have 
been conflicts of interest between that museum and his own. One such conflict may be 
illustrated thusly: 

‘Wednesday, 22 April 

M! Brazier called this morning to offer for sale a collection of Mauritius & Madagascar 

animals. It formed part of a collection sent some months ago by a M! Nobillord addressed to 

me & D! Bennett Trustees of the Museum, & which without my hearing about it, had been 
sold as unclaimed goods at the Custom House at one tenth its value. Braziers lot consisted of 

3 species Mammals, 19 Birds, 6 Fishes, 29 Crustacea & 16 Radiata &c &c. I gave him £10 for 

the lot.’ 
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William John was very much interested in the Challenger collections and undoubt- 
edly wanted to show the expeditioners his own interests. This entry describes a fishing 
party held for the naturalists of the Challenger expedition: 

“Thursday, 23 April 

A warm but very fine day with a sea breeze in the afternoon. At 8 o’clock in the morning I was 

at the Northern Steam Ferry Wharf Circular Quay to meet my guests for my fishing party. In 

a short time all were mustered & having got our provisions &c on board we made a good 

start. The party consisted of Professor Wyville Thomson MT?! Murray his assistant, Professor 

Badham, Stephens, Onslow, Mackay, Masters, D' Cox — Forster & myself. We were 

accompanied by the dredging steam pinnacle of the Challenger, Tom Mulhall & a fishing 

boat with two men, which we picked up by arrangement off Wooloomooloo Bay. We called at 

H.M.S. Dido for Captain Chapman & at Point Piper for Ned HII] who brought with him a 

black fellow & a lot of dynamite torpedoes for fish. We had a very pleasant day, though our 

success in fishing & dredging was not great. We dredged among other places the deep parts of 

Middle Harbour above the spit, found 18 fathoms water mud & no life. We got back between 

6 & 7 oclock.’ 

There are very few references to the curation of his collections but the following one 
is interesting. Many hundreds of the boxes mentioned are still in the Macleay Museum, 
all neatly labelled by George Masters: 

‘Saturday, 2 May 

Masters put aside in small glass topped boxes the shells we have collected in Port Jackson 

already nearly 100 species, it seems a neat mode of arranging them.’ 

The following two entries introduce two collectors that contributed many speci- 
mens to his collections. At least some of the Treasury Island Coleoptera are still in the 
Macleay Museum: 

“Thursday, 21 May 

M! DuBouly came about 9.30 bringing with [him] his Endeavour river collection. It 

consisted of about 500 insects, a few land shells & half a dozen bottles of spirits containing 

snakes, lizards &c. ‘There were some very fine & new things among the Coleoptera. I gave £15 

for the whole lot. M' Damel came in the morning by appointment, but I was so busy that I 

had to send him away.’ 


‘Friday, 22 May 

Masters brought this morning a donation of about a dozen Coleoptera from Treasury Island. 
I also got today a consignment of birds from E. Waller of Brisbane they numbered 62 
specimens & 48 species for which I paid £15.10 or 5/ per skin. My Australian Birds now 
number 247 species.’ 


The Challenger expedition was supposed to depart on 8 June but did not actually 
leave until 10 June because of rough weather: 

“Tuesday, 2 June 

I made two purchases today one from M! Damel of 48 species of land shells from the 
Philippines & 11 species from New Granada for £7.16 — the other from M! Masters of 
specimens in spirits of small mammals, lizards, snakes &c from Salt river in the interior of 
Western Australia. I gave him what he had paid when he got them some months ago — £2 — 
I sent Professor Wyville Thomson’s boxes on board [the Challenger] today & accompanied 
them with two cases of my wine (red 1871).’ 


‘Monday, 8 June 

The Challenger went out this evening, her first duty is to sound between this & New Zealand 
for the benefit of the telegraphic cable about to be laid down. She then proceeds to New 
Guinea, China, Japan &c.’ 

Macleay’s bird collection continued to grow: 

‘Saturday, 11 July 

M? Waterhouse of South Australia sent to me today through M! Masters 36 species of birds 
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which I had not in the collection previously from S. Aust. W. Aust. & the Northern Territory. 
He wishes in exchange for them birds of New South Wales & Queensland & names some of 
his desiderata. This brings my collection of Australian birds up to 315 species.’ 


Many of Macleay’s specimens do not exist today, partially because they were soft marine 
invertebrates and were most difficult to preserve and maintain. Ticks and fleas are 
robust and should have survived, but none of these groups attributed to William John 
are in the Macleay insect collections today: 


‘Sunday, 23 August 

A Bandicoot was caught in one of the traps this morning. I intend to have him skinned. He 

was covered with ticks small, large & very large & also with a large species of flea, it seems 

wonderful how he could have lived yet he seemed well & lively.’ 

The crab mentioned in this next entry is still in the Macleay Museum. George 
Masters was a skilful curator, despite some of the difficult and odourous tasks given to 
him: 

‘Wednesday, 30 September 

I went to town with Masters at 10.30 & purchased from Emerson Oyster saloon King Street a 

gigantic Crab from Bass Straits for 10/. I also purchased from Palmer Hunter Street seven 

Australian birds of which I had only single skins previously & one parraquet from New 

Zealand, for £1.15. The Crab was in a very decomposed state & gave Masters some hours 

hard work to clean, the presrving process being carried on in a corner in the garden.’ 


Macleay was to give a lot of attention to marine collections and this entry may give 
an indication of his idea of mounting a large oceanic expedition later. Perhaps this was a 
trial expedition: 

“Tuesday, 6 October 

I closed with Crichton today about the Ketch “Peahen”. On Thursday I take her for two 

months for £90. The services of himself & two men given in. Brazier is to have charge, & is to 

have an assistant at £1 per week. They will be provided with food on board, for which I am to 

make an allowance. She is to go first to the South & Jervis Bay where Masters & I may meet 

her.’ 


This entry may be of interest to members of the Linnean Society of New South 
Wales and shows Macleay’s continued interest in fostering science: 


“Tuesday, 13 October 

D! Alleyne & Captain Stackhouse are trying to get up a Society of Natural History. I hope 
they may succeed. Such a Society embracing all branches of Natural History, & issuing a 
Monthly Magazine ought to be both useful & successful. I affixed my name to the proposal.’ 


Obviously Macleay was keen to build up his bird collection, sometimes regardless 
of the ethics: 


‘Friday, 16 October 

At Breadalbane second plain Masters shot, the law notwithstanding, a fine male black 
duck at Mulbilly, he shot, also contrary to law, a couple of spur winged Plovers, a bird not 
previously in my collection & on the summit of the Callarin range he shot a fine specimen of 
the large Cuckoo also new to my collection.’ 


The bird collection was greatly enlarged from a shipment from Boucard, London, 
as illustrated in these two entries: 


‘Wednesday, 28 October 1874 

The other box contained as I supposed birds from Boucard, 850 skins, for the most part in 
fair order, & all ticketed with name & country. They are almost all small & chiefly from South 
& Central America, very few Europeans among them. A great number apparently of 
Trochilidae [Hummingbirds], but I have not yet had time to analyse them. The box 
contained also some of Boucard’s Catalogues & Gray’s Handbook of Birds in three volumes. 
There were 20 or 30 Australians among them, six of them species I hadn’t got.’ 
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‘Friday, 6 November 

I finished with the birds today. The total number of species in the Boucard is under 650, my 
total in all about 980 species.’ 

Macleay was obviously thinking of a large sea-going expedition: 

“Tuesday, 10 November 

I went to town in the morning, sent a Petition to Sutherland, ordered 10 gallons Meth. Spirit 
for Brazier & wrote John Manning inquiring price of a Steamer he advertises.’ 


‘Wednesday, 11 November 

Manning’s price for Steamer is £4000, altogether too much. I shall go tomorrow & seek 

advice on the subject from Moriarty.’ 

A most important event that greatly benefitted the Macleay collections was his 
resignation from Parliament. 

‘Thursday, 26 November 

I returned home to luncheon, & went in again at 4 when I found that Parliament was 

prorogued by proclamation, & that it would be dissolved probably tomorrow. I have made up 

my mind not to offer myself again & as soon as the dissolution is proclaimed, I shall send an 

Address to the Electors of the Murrumbidgee telling them so. I intend to give my attention 

henceforth entirely to Natural History & the improvement of my Museum.’ 

This next entry is a small bit of information that would provide an worthwhile 
project to follow. It would involve finding and searching F. Bates correspondence and 
recognising how he labelled insects. There is a very real possibility that some of Bates 
types are still in the insect collection, but as yet unrecognised. 

‘Thursday, 17 December 

I also had a letter by the same mail from F. Bates in which he gives me a list of a number of 

Heteromerous types which he is sending me & which ought with insects from H. Bates to 

have arrived in the last P. & O. Coy’s mail Steamer.’ 


1875 DIARY 


In a natural history context, the 1875 diaries are perhaps the most interesting. 
They are chiefly concerned with the preparation for and the narration of the Chevert 
Expedition. There are two diaries, the first contains his usual day to day commentaries 
before and after the expedition and the larger size diary kept during the Chevert 
expedition. I purposely have avoided extracting entries from the expedition, with a few 
exceptions, because the expedition is well covered in Fletcher (1929). Also an extensive 
review is in preparation by one of my colleagues. 

Both Macleay and Masters were extremely diligent about the curation of the 
collections. This entry typifies entries made on other holidays: 

‘Friday, 1 January 

Neither Masters nor I made a holiday of it & we were joined in our work by Stephens. It 

consisted of bottling & looking over Asteriods etc from the Endeavour river & in looking over 

a cabinet of dried fish part of the W. S. Macleay collection.’ 

William John was really serious about organising an overseas expedition by early 
1875. This is the first mention of going to New Guinea in his diaries: 

“Tuesday, 5 January 

Dr Cox called today with Captain Edwards an old sea Captain well acquainted with Torres 

Straits & the South Sea Islands. I had a long conversion with him, he is to look out for a vessel 

for me suited to my proposed trip to New Guinea & I am sure he would like to go as Skipper.’ 

Macleay continued to add to his bird collection. Many specimens had been 
purchased from the taxidermist, Palmer: 

“Thursday, 14 January 

I sent Masters in the morning to Palmer, the Hawk turned out to Elanus scriptus [Letter- 

winged Kite]. Masters purchased it for 10/, he also got an Owl, Strix delicatulus which I had 
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not got & a white Cockatoo. He also purchased for me 16 regent birds, 16 rifle birds, 16 
Carpophaga magnifica & 16 Pitta — all males in fine plumage at 4/ each & 26 Californian 
birds at 2/ each.’ 


Some curation techniques used in the nineteenth century would not be at all 
acceptable today and included this wry comment: 


‘Wednesday, 20 January 

I went to town at 11 oclock this morning, & was sorry to find on my return at 12 that I had 
missed Dr Cox, who had called & brought me a porcupine alive & two specimens of a small 
lizard & three species of small fish from the New Hebrides. The Porcupine was found most 
difficult to drown, he was skinned this afternoon by Masters.’ 


Macleay was a very strong supporter of the scientific community and especially the 
Linnean Society of New South Wales. Unfortunately many of his early endeavours were 
lost in the Garden Palace fire, but he was undaunted and he continued to provide major 
contributions to the Society nearly to his death in 1891. His benefactions are well 
described in Fletcher (1929). This entry illustrates one of his first contributions: 

‘Friday, 22 January 

I purchased yesterday at Flavelle’s for presentation to the Linnean Society a very nice 

Microscope price £13 — our first meeting is on Monday & as I have not prepared any 

inaugural address I wish to give something as a substitute.’ 


These next 1875 entries illustrates that William John was continuing to add to his 
natural history collections at an increasing rate: 


‘Friday, 5 February 

This day completes the first year of Mr Masters curatorship, & I think that the additions to 
my Museum during that time have been very large indeed. I have now over 1000 species of 
birds, of them 395 are Australian. There is a fine collection of fish, the reptiles are rapidly 
increasing, a large number have been added from the Endeavour river, California etc, to the 
entomological collections, while of shells & marine animals we have accumulated a vast 
number.’ 


“Tuesday, 16 February 

Webb's box of mammals & birds from King George Sound also arrived & a very good lot they 

are about 30 mammals & 90 birds, some large such as Emus etc price £25/8/6; about 25 

species of the birds were not previously in my collection & the mammals were all new.’ 

Many entries in Macleay’s 1875 diary are concerned with the purchase and 
outfitting of the Chevert: 

‘Friday, 26 February 

I went to Belisario’s [his dentist] at 4 & from thence to the Club where I met Captain 

Edwards. He announced that he had completed the purchase of the barque Chevert for 

£3000. I gave him a cheque for the amount & he takes possession tomorrow.’ 

This entry gives an indication that Macleay was earnestly purchasing equipment 
for the expedition. I found it interesting that he was first concerned with obtaining rifles, 
carbines and revolvers — types of firearms not usually associated with collecting 
specimens. He must have had some concern for the safety of the expeditioners: 

‘Monday, 1 March 

I met Captain Edwards this morning at Mitchell & Co about the ship. We went to the 

Custom House where I made a declaration that I was a British subject & the owner of the 

“Chevert”. I also ordered tanks for the expedition at Lassiter & purchased 6 Snider & 6 

Muzzle loading Carbines & 12 revolvers. I also looked at some nets at Eastways. The supply 

of arms I have in the house I am sending to Lassiters gunsmith to be looked to. They consist 

of a revolving rifle & 4 revolvers, two of them & the rifle double trigger Stranters.’ 


Not all collecting expeditions were successful as judged by this entry: 
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‘Monday, 29 March 

Masters came in for a few minutes in the afternoon, his shooting excursion had a very 
melancholy termination, one of the party named Thomson accidently shot himself dead 
yesterday. The inquest is to be tomorrow.’ 


The list of equipment for the Chevert expedition continued to grow. It is obvious that 
William John was planning a major collecting expedition: 


‘Wednesday, 31 March 

I went to town early with Capt. Edwards. We went first to Lassiters & examined & priced 
tomahawks, knives, scissors, files, iron hoops etc. etc. for trade, then to Newtown & Co. & did 
the same as regards Blankets, calicoes, Prints, mosquito nets etc. etc. then to Birds & looked 
at hams, Bacon, preserved meats, vegetables, groceries, etc. etc.’ 

‘Friday, 2 April 

I had some letters from Melbourne of people anxious to go to New Guinea, one suggesting 
that I should take a cargo of women to present to the chiefs.’ 


This next entry, like that for 17 December 1874, is another interesting project that 
should be investigated. Macleay’s entry states ‘some newly described species’ — does this 
mean type specimens could have been sent to Macleay? 

‘Friday, 16 April 

He (Masters) & I put away today the insects which came yesterday by the ship Jerusalem, 1 

small box chiefly Carabidae from H. W. Bates, another of Heteromera from F. Bates both 

contained some newly described species.’ 


This is the first entry in the diary that Macleay kept especially for the Chevert 
expedition. A broad spectrum of zoological specimens were collected (including micro- 
scopic Foraminifera), but insects were not in abundance during the entire voyage. 

‘Saturday 29th May 1875 

on board the Barque “Chevert” 

The “Chevert” left Sydney on ‘Tuesday 18th May with a crew, collecting staff & all supplies 

necessary for the objects of her cruise, details of which will be found in another place, for 

Somerset, Cape York. . . . The dredge was out over the stern during the night & presented a 

fair return along with the swabs this morning one or two good shells & Crustacea, a number 

of Polyzoa, Polypifera, Echinoderms, etc. Some Gorgonias I have tried to preserve in a 

solution of Chromic Acid at Capt. Onslow’s request as an experiment. Some Foraminifera 

were also got. The catch was most miserable in the Insect tribe.’ 

From the diary, it is apparent that specimens were obtained by trading with the 
locals. But this was not altogether successful because the natives had little to return. This 
entry was written while at Cape Grenville and is one of the few entries about the local 
people. Also, a collecting technique was used on the Chevert voyage that would not be 
environmentally acceptable today: 


‘Sunday 13 June — 9 oclock p.m. 

We were visited by turns by all the blacks in the neighbourhood — 11 in all — no women or 
children showing — during the forenoon, the cry was for pipes, tobacco biscuit & matches, 
for which they were willing to part with some very inferior pearl shell etc. etc. They were well 
treated & told that they must bring fish shells & other things of some value if they wanted a 
repetition of the biscuits & tobacco. To some extent they have already shown a desire to 
supply me with these things. A number of strange fish have been brought me & a few 
shells. . . . We found however on returning to our boat that Hargraves had been using some 
dynamite among the rocks & got some beautiful little fish quite new to me.’ 


This next entry was written while anchored off the mouth of the Katow River, 
Papua New Guinea. According to his diaries, this was one of the most successful days of 
the voyage. It also shows that he was interested in ethnographic material as well as 
zoological specimens: 
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‘Wednesday 7th July — 8 o'clock p.m. 
‘This day was also stormy & I again kept the ship. The launch & surf boat 

however went on shore & all returned about 1.30 with half a dozen natives to stop the night 

& a boat load of bananas, cocoanuts & a miscellaneous collection of arms, implements, 

ornaments, snakes, shells, crabs, insects etc collected by the natives. This is the best day as far 

as collecting is concerned I have had, & much more is promised by the natives of all the 

villages.’ 

Macleay was also interested in obtaining skeletal material of natives. This mummy 
is still in the Macleay Museum, but because of changing social attitudes, it may not 
remain there much longer: 


‘Friday 6th August. Noon. 
[At Darnley Island.] I have succeeded in getting several mummied heads & the Ist mate has 
gone round in the boat to the village today to get me a complete mummy which has been 


promised him.’ 
1876 DIARY 


Macleay wrote entries for 248 of the 366 days in his 1876 diary. Most entries were 
short and his main emphasis was concerned with the building and status of his museum, 
the acquisition of specimens and books, progress of manuscripts arising from the Chevert 
expedition and the business of the Linnean Society of New South Wales. 

His diary started with a foreword before starting his entries for the year. This is 
only part of this foreword: 


‘Since my return from New Guinea in October last, I have ceased to keep a diary. I am 
now on the 26th January 1876 about to commence again. And before doing so I wish to make 
some notes on what I have done or what has happened during the above mentioned period. 

My Museum has been much added to. The collections made during the voyage of the 
“Chevert” have been now almost all removed from the original packages, the mammals & 
birds have been mostly catalogued & named. The insects have been carefully laid out. The 
Fishes & reptiles have been bottled or where too large packed away in tanks. The Crustacea 
have been dried as have the Echinodermata &c some extent, myriads of small things have 
been bottled & the shells have been catalogued. To get through all this work I have had & still 
have three men fully employed. Messrs Masters, Brazier & Spalding. I have besides had large 
collections of birds &c from other places, 800 birds from London, a number from San 
Francisco & a good collection from the Figis, besides numerous purchases & donations. The 
collection is so extensive that I find I have no room in the House even with the library for the 
whole of it. I have therefore commenced a building on one of my leased pieces of land in the 
garden to be used as a Museum, it is 115 feet long, 36 feet wide, 9 feet high & made chiefly of 
iron, the cost 1s to be £1080. 


It did not take long for results to be published from the Chevert expedition: 


“Thursday, 27 January 

Brazier has now got through the shells of the “Chevert” expedition about 3000 species. He is 
now to give a list of them with descriptions of new species in papers to be read at the Linnean 
Society. He is to take the Land Shells first.’ 


After extensive searches in museums and libraries in New Zealand, only a few lists 
have been found that relate to the Macleay collections sent to that country: 


“Tuesday, 8 February 

Masters had a letter today from Waterhouse, South Australia, acknowledging the birds sent 
him & promising things. Masters also had a letter a few days ago from von Haast, Otago 
[actually Canterbury Museum, Christchurch], saying that birds & moa bones would be sent 
by next steamer. I had by the California Mail a letter from Edwards [California] with 
photograph of a pitcher plant with a descriptive paper by himself. I also had a letter from 
Gruber [California], apprising me of a box of birds &c which he had ready & would send by 
next Steamer.’ 
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The insects referred to in this next entry were discovered in the Canterbury 
Museum a few years ago. They are stored in a 10-drawer cabinet and the top drawer had 
been on loan for more than 20 years. When it was returned, there was a note inside 
indicating that this drawer plus the following nine were from William John Macleay. A 
worthwhile project would be to go through this collection, because there is a possibility 
that some of Macleay’s types are included: 

“Tuesday, 9 May 

I booked today per steam ship Easby a case for van Haast of Canterbury Museum N.Z. 

containing over 1000 species of Australian Coleoptera, about 150 species of Australian 

shells, two birds (desiderata) a specimen of Nickel ore from New Caledonia & two lumps of 

Cinnabar ore from Queensland.’ 

Much of the 1876 diary is taken up with Macleay’s interest in fish: 

“Tuesday, 27 June 

I commenced upon the Fishes of the Chevert expedition today. 

I shall give up a few hours every day to do it. Dr Alleyne is to join me in the work.’ 

Macleay’s collections continued to grow: 

“Tuesday, 22 August 

Webb's box from King Georges Sound contained 21 mammals & 78 birds some of both very 

good, 72 of the birds new to my collection, that now comprises 552 species of Australians.’ 

Some of Cockerell’s specimens mentioned by Macleay are still in the Macleay 
Museum. It would be interesting to search through Cockerell’s correspondence to see if 
there is correspondence from William John or George Masters: 

‘Monday, 16 October 

A Mr Goodwin from San Francisco brought me a few birds skins & eggs which I bought for 

£4.10 & Masters purchased for me from Cockerell for £27/8 about 50 birds, 15 bats & other 

Mammals, an enormous number of Insects & a few other things from New Britain, New 

Ireland & Duke of York Island.’ 


1878 DIARY 


There is no 1877 diary. The 1877 diary year was used as his 1878 diary. Only one 
page was written and dates were in his hand. Both entries pertained to his collections. 
There are many zoological specimens from Madras, India and King George Sound that 
are still in the Macleay Museum: 

‘Friday, 10 May 1878 

Wrote to Dr Bidie of the Madras Museum about exchanges & sent cheque for £30 to Morr 

K.G. Sound for Webb for specimens. 

Friday, May 24!» 

Wrote Count Castelnau about Ambassis [a fish] & list of Australian Mollusca.’ 


1879 DIARY 


William John not only provided his time and monies to instill interest in natural 
history in Autralia. He also encouraged promising young scientists such as W. A. 
Haswell. Macleay’s words were prophetic: 

Wednesday, 1 January 

‘Mr Haswell, a young naturalist of great promise, works there [Macleay’s museum] for his 

own amusement & has contributed some valuable Papers to the Linn. Soc. N.S. Wales.’ 

Macleay purchased many specimens from Cockerell and it could provide an 
interesting line of research on these specimens: 

‘Monday, 13 January 

Masters went this morning on board a vessel from the Solomon Islands & purchased a nice 

collection. It was made by Cockerell, who by his terms with the Captain was entitled to one 
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third only. The other two thirds the Captain sold to Masters & Ramsay for £17/10 each, 
equally divided. My share consisted of over 100 bird skins rare & beautiful, about 20 each of 
Cuscus & flying fox skins, about 1 dozen Fish, a few snakes & lizards & some insects, on the 
whole a cheap & satisfactory lot.’ 

Many bottled Sourabaya specimens still exist in the Museum today: 

‘Saturday, 14 June 

Spalding purchased for me today at Auction a collection of Snakes, Lizards &c &c mostly 
small things, made at Sourabaya for £8/10. It is decidedly a cheap bargain as there are over 

100 specimens, each in a glass stoppered bottle.’ 

Dr Hector was visiting Macleay in September. Mcleay’s comment about the 
condition of Hector’s specimens are of considerable value because we know they 
probably no longer exist: 

‘Thursday, 4 September 
‘I received the Fishes & Birds from New Zealand from Dr Hector.’ 


‘Friday, 5 September 

Hectors Bird skins turns out to be riddled & destroyed by the larvae of a Hister.’ 

Another interesting project would be to find the specimens sent the Macleay from 
Dr de Saussure. The original lists are in the Museum and many of the Hymenoptera 
have now been located. A search through Dr de Saussure’s documents might yield some 
interesting Macleay correspondence: 

‘Saturday, 29 November 1879 

I had a letter today from Dr Henri de Saussure — Geneva wanting to exchange Hymeno- 

ptera & Orthoptera & one from Professor Loven of Stockholm about Echinoderms, thanking 

me for those I sent him & giving a list of those he is sending to me through Williams & 

Norgate.’ 


‘Saturday, 20 December 1879 
Mastesr has filled up 5 boxes with Hymenoptera (350 species) & Orthoptera (200 sp) for 
Henri de Saussure of Geneva.’ 


1880 DIARY 


There are only 70 entries for 1880, the last written on 15 April. The principal 
interest of William John mentioned in the diary was the acceptance of the presidency of 
the Fish Commission and many of the entries refer to meetings of this commission. He 
was also working on the fishes of Fiji. More specimens came from overseas and Australia 
and included insects, echinoderms and other invertebrates, fish and mammals: 

‘Saturday, 24 January 

Hastie’s [Charles Hastings] boys brought me a specimen of the sooty Albatross caught in the 

harbour.’ 

There are now two specimens of this albatross in the Museum, one from California 
and the other labelled ‘Australian seas’, so the harbour specimen is no longer in the 
collection. Very few references are made to the plant kingdom in his diaries and this, 
perhaps, is one of the most interesting: 

“Thursday, 29 January 

I also got a fine collection of Fungi (mostly the dry ones growing on Wood) from 

Tenison-Woods..’ 

I know of no plants which now exist from Macleay’s natural history collections. 


1881 DIARY 


There are only 7 entries for 1881, the first written on 29 January, the last on 15 June. 
His comments were centred on his Australian catalogue of fishes and the acquisition 
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and exchange of zoological specimens. The following comments show that he was still 
actively building his collections, mainly from overseas sources: 

‘Saturday, 29 January 

I received several bottles full of small fish from Count de Lanberg a few days ago most of 

them from Amboyna, a few from Flores & Dorey, very few new species. I am working at 

present at a Catalogue of all the Australian fishes & have made much progress that I expect to 
finish in two months.’ 

“Tuesday, 22 February 

On Friday last the 18th of this month, I sent by the Steamer Wiliam McKinnan to Count 

Lansberge Batavia a case containing two boxes of Coleopterous Insects about 150 species of 

Heteromera & 250 of Phytophaga &c. I also wrote him the same day. Today I have sent by the 

P. & O. Company Steamer to Dr Bidie Madras, a case containing Birds, Skulls, Crustacea & 

three Mammals in spirits. Dr Bidie’s Cask of Fish has not reached me yet. I received today 

from Mr Williams (Mate of the Chevert) from Torres Straits a small cask containing Coral & 

a few other things, but I have not yet opened it.’ 

The reference to a diver is interesting to me. This was a collecting technique that 
had not been mentioned before in his diaries. Surely there would have been species 
obtained that were new to his collection. It is also surprising how quickly he finished his 
catalogue of Australian fishes: 

‘Sunday, 6 March 1881 

The case sent by Mr Williams from Endeavour Straits, contained several species of beautiful 

Gorgonia & Sponges & a few shells, all apparently brought up by a diver. . . . I finished my 

catalogue of Australian Fishes this morning, 1130 species.’ 

Macleay corresponded and exchanged specimens with Henry Edwards for some 
years. Mr Edwards was an actor by profession and was a well-known entomologist. 
He came to Australia in 1853 and left in 1865, returning to California. His collections 
eventually were given to the American Museum of Natural History New York (Mus- 
grave, 1932). It was here that I found 16 Macleay letters (30 November 1869-23 March 
1881) and 6 George Masters letters (28 May 1870-14 January 1876). These are the only 
Masters letters that I have been able to find in my searches through world-wide Museum 
archives so far: 

‘Wednesday, 23 March 1881 

Yesterday I sent to Henry Edwards 185 East 116th Street, New York, a case containing 

over 200 species & over 800 specimens of Australian Lepidoptera & four volumes of the 

Proceedings of our Linn Society.’ 

In Macleay’s covering letter for the above shipment to Edwards, he acknowledged 
his election as an honorary member of the New York Entomological Club. 

This is the last entry to William John Macleay’s extant diaries: 

‘Wednesday, 15 June 1881 

Received a fine collection of Fishes from A. Goldie from Port Moresby over 150 species, same 

day wrote to him & paid Mason Brothers for him £53/4.’ 

Received letter from Professor Loven acknowledging last consignment & promising to send 

some things Fishes &c immediately.’ 

William John continued with his scientific endeavours to about 1888, when he 
published his last papers. He also supported other workers. ‘To illustrate this, I would 
like to share with you this obscure reference that I recently found quite accidentally: 

‘Dr R. von Lendenfeld having left the Lincoln College of Agriculture, has proceeded to 

Sydney, where he has been commissioned by the Hon. W. Macleay, of Sydney, to write a 

monograph of the Australian Sponges. Rooms and material have been placed at his disposal, 

so that we may shortly expect to hear of the progress of this work, for the execution of which 

he is well qualified.’ (Anonymous, 1884) 
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This support resulted in von Lendenfeld’s (1889) famous monograph on the horny 
sponges. Strangely, though, only three species of sponges, all from ‘Torres Strait, were 
recorded from the Macleay collections. 

By the end of Macleay’s career, his museum contained a well organised and curated 
goldmine of natural history specimens. His collections ranged from the lowly Protozoa, 
marine and terrestrial invertebrates, birds, mammals, and reptiles to human remains 
and ethnographic material. They were well maintained until just before George 
Masters’ death in 1912. 

But after that time, the fortunes of the Macleay collections declined rapidly. 
Horning (1984a, b) gave a brief history of the collections after 1912. The funds left by Sir 
William Macleay to continue the curatorship of the Museum disappeared into the 
University of Sydney’s coffers. The collections were moved to the attic of the Macleay 
Building and were not looked after. Hence there was a considerable deterioration of the 
collections. Specimens were stolen, others sent to scientists without proper loan forms 
and many, especially the vast marine invertebrate collections, were left to rot. 

There was a public outcry, led by J. J. Fletcher in the early 1920s, about the 
appalling state of the collections. But despite extensive newspaper coverage, nothing was 
done by the University of Sydney. 

Then in 1958, Elizabeth Hahn was appointed curator, with the status of a labora- 
tory assistant. During her five year tenure, she put a tremendous amount of time and 
enthusiasm into restoring the collections. She fumigated the insect collection, filled the 
spirit collections and wrote a catalogue of the type specimens that she could find. The 
fortunes of the collections had turned for the better. 

Jenny Anderson, was the next curator from 1963-1966. She, too, was an energetic 
worker and during her tenure, she worked mostly with the non-insect material. In 1964, 
there were discussions within the University of Sydney to close the Macleay Museum 
and possibly demolish the 1888 building. She was instrumental in changing that view, 
pointing out the legal responsibilities of the University of Sydney to the Macleay 
collections. 

In 1969, many type specimens of vertebrates were transferred to the Australian 
Museum. More than 5600 insect types were transferred on ‘permanent loan to the Aus- 
tralian National Insect Collection, Canberra. Thus a significant part of the collections 
were distributed elsewhere. 

I came to the Macleay Museum in 1982 and was responsible primarily for the 
invertebrate collections. The insects were moved to a small, air-conditioned laboratory 
and work continues on curating the collection. It is now used extensively by taxonomists 
world-wide. I formed the Invertebrate Unit and began to accumulate many papers that 
were needed to help document historic specimens. The Unit now has one of the largest 
historic entomological libraries in any university in New South Wales. The marine 
invertebrate literature is supported by Professor W. A. Haswell’s collection of scientific 
papers (saved from being taken to the Tempe Tip), and is bound in more than 100 
volumes. This important literature source of the late 1880s is now catalogued. 

The Macleay collections reflect the natural history interests of nineteenth century 
scientists and that of the history of the University of Sydney. They have been in the care 
of the University since 1888 and at least some of the original collections are extant. They 
provide an important historical data base that has been used by University people and 
outside researchers. The use of the collections, especially the insects, has increased 
dramatically in the past ten years, and they now have a substantial international 
reputation. 

But what of the future of the collections so carefully assembled by the Macleay 
family? They have been under threat from time to time in the past eighty years and it 
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seems that situation has changed little. Last year, there was an enquiry into the 27 
collections and museums within the University of Sydney. This culminated in the 
unpublished: Report of the Committee of Review of the Macleay Museum and Historical, Cultural 
and Scientific Collections Within the University. There were nine recommendations specific 
to the Macleay Museum. 

Three of these recommendations pertain to the topic of this evening. Recommen- 
dation 13 is: “That within the ethnographic collection effective procedures be urgently 
adopted to identify and control access to the exceedingly sensitive, and valuable, 
secret/sacred holdings in the Aboriginal and ‘Torres Strait Islander section’. Work 
is progressing on this recommendation and a new area in Fisher Library will be 
designated to store the secret/sacred ethnographic artifacts and aboriginal skeletal 
specimens. Some of this material, including the Torres Strait Island mummy, was 
collected by Macleay. It will be isolated from the rest of the ethnographic collection until 
its fate is determined through negotiations with aboriginal communities and anthro- 
pologists. The Vice-Chancellor has appointed me as the University’s aboriginal liaison 
officer to coordinate efforts in the proper treatment of the sensitive material in the 
Macleay and Shellshear Museums, University of Sydney. 

Recommendations 8 and 9 are the most disturbing to the future of the Macleay 
natural history collections: “That the major biological collections of both invertebrates and 
vertebrates be largely transferred to national research institutions for greater research 
accessibility and more appropriate storage facilities: in the case of invertebrates it is 
likely that the Australian National Insect Collection would be interested: in the case of 
vertebrates, the Australian Museum’. Recommendation 9 follows: “That a small historic 
core of the Macleay donation both of invertebrates and vertebrates be retained as a 
permanent display in the Macleay Museum Gallery, after negotiation with the 
recipients of the main collections.’ 

I point out that these are only recommendations and are subject to negotiation in 
future. But there is a consideration to dispose of these valuable collections. My question 
put to you is what stand should be taken? Would it be in the best interests of the collec- 
tions to be transferred to other institutions in light of the negligible support the Univer- 
sity is giving to the Macleay Museum? Would it be best to retain the collections and 
somehow obtain more support and give them legislative protection such as the insect 
and plant collections at the Department of Agriculture at Rydalmere? Should only part 
of the collections be sent to other museums? I have some ideas of what should be done 
but do not wish to commit myself without consultation with zoologists and museum 
specialists. 

But whatever happens to the collections, I firmly believe that the time has come to 
finally decide their future. Their fortunes have been waxing and waning for more than 
eighty years and will continue to do so if something definitive is not done. If decisions 
are delayed, then the significance of the collections to Australian history and science 
will continue to erode. I welcome ideas about what should be done with the Macleay 
collections from members of the Linnean Society of New South Wales. 
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The range and abundance of the native Macquarie perch (Macquaria australasica 
Cuvier) has been greatly reduced during this century. As part of a conservation 
program (1978-1990), hormone-induction breeding trials were conducted on captive 
broodfish held in earthen ponds for 109-539 days. Macquarie perch did not spawn 
naturally in the ponds and water temperatures exceeding 28°C stressed and killed 
some broodfish. A total of 98 female broodfish (249-425 mm TL, 425-1600 g wt) were 
examined; 82 were injected either with individual hormones or various combinations of 
hormones. The only female induced to spawn was injected with three separate doses of 
0.5 mg/kg luteinizing hormone-releasing hormone (LHRH). Approximately 1300 eggs 
were stripped after 89 hours (24 hours after last injection) and 325 larvae hatched. 
A majority of the 72 male broodfish injected responded to a range of hormones. 
These results suggest that female Macquarie perch do not undergo complete ovarian 
maturation in earthen ponds. Possible reasons why females cannot readily be induced 
to spawn in captivity, and implications for the future conservation of Macquarie perch 
as discussed. 
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INTRODUCTION 


The Macquarie perch, Macquaria australasica Cuvier (Percichthyidae), is a fresh- 
water fish native to south eastern Australia that is highly regarded for its angling and 
edible qualities. Its present distribution is limited to small isolated populations in the 
upper reaches and tributaries of the Lachlan, Murrumbidgee and Murray River 
systems (Murray-Darling Drainage Division), and in tributaries of the Hawkesbury, 
Shoalhaven, and ‘Tuross River systems, and the Yarra, Wannon and Barwon Rivers 
(South-East Coast Drainage Division) (Cadwallader, 1981). These latter populations 
were originally considered to be derived from fish translocated from the Murray- 
Darling Drainage Division (Lake, 1971; Cadwallader, 1981); however Dufty (1986) 
showed that the fish from these two drainage divisions were morphologically and 
electrophoretically distinct. Dufty further suggested that they are separate species — 
similar speciation situations have now been documented for other closely related 
percichthyids in adjacent drainages (Musyl and Keenan, 1993). 


Conservation Programs 

Historical data indicate that the distribution and abundance of Macquarie perch 
have declined dramatically during this century (Cadwallader, 1981). Despite there being 
no clear reasons for this decline, severe environmental degradation or modification 
associated with river management works, fishing pressure, and competition from 
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introduced fish species have all been suggested as contributing factors (Cadwallader, 
1981). The Macquarie perch is now classified as restricted (Harris, 1987; Pollard et al., 
1990) and a number of management strategies have been implemented to conserve the 
species (Ingram et al., 1990). Iwo separate artificial breeding programs have been 
established. The continuing Victorian government program relies on capturing 
running-ripe females during their annual spawning run in the wild which, at times, is 
difficult and unreliable (Gooley and McDonald, 1988). The New South Wales (NSW) 
government program commenced at the Inland Fisheries Research Station (IFRS), 
Narrandera, in 1978 and continued until 1990. 


Objectives 

The aims of the NSW government program were to develop artificial breeding 
techniques using Macquarie perch held in captivity, and release their progeny into areas 
where this species had formerly been abundant in order to re-establish breeding 
populations. The strategies and techniques used in this program were based on those 
previously found to be successful for two other closely related percichthyids, Macquaria 
ambigua (Richardson) and Maccullochella peeli (Mitchell) (Rowland, 1983, 1988). 

The objectives of this paper are to: report the results of spawning induction trials 
carried out as part of the breeding program; suggest strategies or techniques for further 
investigations; and discuss the implications of current knowledge for the future 
conservation of Macquarie australasica. 


MATERIALS AND METHODS 


Broodfish Maintenance 

Macquarie perch broodfish were collected from Burrinjuck Dam, Googong Dam 
and the Molonglo River (Murrumbidgee River system), Wyangala Dam and the 
Abercrombie River (Lachlan River system), and the Shoalhaven River. Due to the low 
abundance and restricted distribution of this species, mature broodfish could not be 
caught in large numbers. Fish were transferred to IFRS where they were placed in 
earthen ponds (surface area 0.04-0.09 ha; maximum depth 2.5 m). Each pond was 
stocked with both sexes at densities of 104-333 fish/ha (78-85 kg/ha). The diet of 
Macquarie perch broodfish comprised naturally-occurring food organisms in the 
ponds, supplemented with live shrimp (Faratya australiensis Kemp and Macrobrachium 
australiense Holthuis) and small yabbies (Cherax destructor Clark). Individual broodfish 
were held in ponds for 109-539 days. 

Water temperature in each pond was monitored by positioning a minimum/ 
maximum thermometer approximately 0.2 m from the pond bottom. Daily monitoring 
of water temperature (to the nearest 0.5°C) commenced in August and continued until 
each pond was drained. 


Spawning Induction 

When the maximum bottom water temperature in each pond exceeded 15.0°C 
broodfish were transferred to the hatchery. Fish were anaesthetized with benzocaine 
(Sigma) at 100 mg/l, and their lengths and weights were recorded. Oocytes and sperm 
were sampled and examined using the techniques described by Rowland (1983, 1988). 
Fish were given an initial injection, intraperitoneally at the base of the pelvic fin, on the 
day of removal from the pond. 

The hormone treatments and dosages administered to female Macquarie perch are 
presented in ‘Table 1. The various hormone treatments were: human chorionic 
gonadotropin (HCG) (Pregnyl,® Organon Laboratories Ltd); luteinizing hormone- 
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releasing hormone (LHRH) (HRF,® Ayerst Laboratories Pty Ltd); the luteinizing 
hormone-releasing hormone analogues (LHRHa), (Des-Gly)!® D-Irp®, Pro? LHRH 
ethylamide (LHRH-At) and (Des-Gly)'® D-Ala®, Pro? LHRH ethylamide (LHRH-Aa) 
(Peptide Technology Ltd); and Ovaprim (Syndel Laboratories Ltd) which contained 
salmon gonadotropin releasing hormone analogue (SGnRHa) and Domperidone. 
Combinations of HCG and carp pituitary gland (CPG) (prepared as described by 
Rowland, 1983), HCG and LHRH-At, HCG and pimozide (PIM) (Jannsen 
Pharmaceutica Pty Ltd), and LHRH and PIM were also administered. Combinations 
of hormones were administered in separate injections, one immediately after the other. 
Male Macquarie perch were given a single injection of either HCG, LHRH, LHRH- 
At, LHRH-Aa or Ovaprim. 

After injection, 2-4 females and 2-4 males were placed together in 2000 1 fibreglass 
tanks that were covered, maintained at either 18+1°C or 20 41°C and aerated. 

To determine if ovulation had occurred, female Macquarie perch were anaesthe- 
tized and pressure was applied to the abdomen to determine whether eggs could be 
stripped from the fish. These examinations commenced 35 hours after the first injection 
and continued daily for up to two weeks. Fish were returned to earthen ponds after each 
trial. Some individuals were returned to their original ponds; others were moved to new 
ponds. 


Incubation and Hatching 

Eggs were stripped and fertilized using the techniques described by Rowland 
(1988), then placed into Ewos baskets, Downing egg jars or egg incubation aquaria 
(Hogan, 1988) for incubation. The development of eggs and larvae was monitored daily. 
When absorption of the yolk sac was completed, larvae were offered live freshwater 
zooplankton collected twice daily with a 106 um net from fertilized earthen ponds. 


RESULTS 


Broodfish Maintenance 

Overall survival of Macquarie perch in the ponds was 83%. There were mortalities 
in two ponds during January 1979, after water temperatures had exceeded 28°C for 
at least two weeks. Some fish had haemorrhagic areas on the body. Fish that were 
swimming in a disorientated manner near the surface of the ponds died within several 
days of being removed to tanks. Broodfish in these ponds did not contain yolky oocytes 
when examined during the following spring. Although Macquarie perch broodfish 
recovered from the ponds during 1987 and 1988 were infested with the parasitic 
copepod, Ergasilus intermedius Kabata, no fish died and the outbreaks were successfully 
treated with a 24 h bath of trichlorfon (Dipterex,® Bayer Australia Ltd) at 2.0 mg/l 
(Rowland and Ingram, 1991). 

At no time did Macquarie perch spawn naturally in the ponds. 


Spawning Induction 

Maximum bottom water temperatures in ponds at the time when fish were 
removed ranged from 15°C to 21°C which occurred between 12th September and 22nd 
November. 


Females 
A total of 98 mature female Macquarie perch ranging in size from 249 mm to 425 
mm total length (TL) and from 425 g to 1600 g weight (wt) were examined. 
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Oocytes cannulated from mature fish prior to injection were spherical in shape 
with a diameter of 1.2-1.8 mm (mean 1.4 mm), pale yellow to amber in colour and 
opaque or translucent. 

Details of hormone treatments and changes in oocyte diameter are presented in 
Table 1. A total of 82 female Macquarie perch were injected. Oocytes in a majority of 
fish sampled after injection became clearer and increased in diameter (Table 1). 
However, only 13 female Macquarie perch could be stripped and eggs from only one of 
these fish subsequently hatched. This female (340 mm TL, 593 g wt) had received three 
injections of 0.5 mg/kg LHRH at 0, 41 and 65 hours, and was stripped after 89 hours (24 
hours after the last injection). Ovulated eggs were clear, 1.4-1.6 mm (mean 1.5 mm) in 
diameter and most had one large oil globule. Fertilized eggs swelled to a diameter of 
2.2-2.6 mm (mean 2.5 mm) and remained clear. Hatching commenced 6 days after 
fertilization and continued for 6 days (incubation temperature 17.5-20.5°C). Larvae 
were 5.0-6.0 mm TL (mean 5.4 mm) at hatching and commenced feeding 3 days after 
the completion of hatching. A total of 325 larvae hatched from approximately 1300 eggs. 
Subsequently, this hormone treatment was applied to other female Macquarie perch 
without success. 

Eggs stripped from other females showed no signs of embryonic development. 
During the 48 hours after attempted fertilization, many of these eggs increased in 
diameter to 3.1-4.6 mm and many became misshapen, the yolk material contracted, and 
they eventually burst. 

The oocytes of female Macquarie perch that were not stripped eventually became 
flaccid and clear, and the amount of blood in the ovarian fluid increased. 


Males 

Male Macquarie perch ranged in size from 190 mm to 390 mm TL and from 185 g 
to 1500 g wt. A total of 72 males were injected; 36 with 100-900 i.u./kg HCG, 12 with 
0.5-2.0 mg/kg LHRH, seven with 5-20 we/kg LHRH-At, five with 50 pg/kg LHRH-Aa 
and 12 with 0.25-0.5 ml/kg Ovaprim. All injected fish produced active motile sperm. 


DISCUSSION 


Macquarie perch broodfish maintained in earthen ponds during this study could 
not be induced to spawn using exogenous hormones. The testes of males appeared to 
develop fully and produce viable sperm, whereas only one female of the 82 treated was 
successfully induced to spawn. Similarly, female Macquarie perch held in ponds and 
tanks at the Snobs Creek Freshwater Fisheries Research Station and Hatchery 
(Victoria) have failed to spawn after hormone injections (G. Gooley, 1992, pers comm). 

The size of eggs sampled from Macquarie perch in this study suggests that the 
ovaries of pond-held fish did not complete vitellogenesis and final maturation. Although 
the cannulated eggs were similar in appearance to those in wild fish described by Gooley 
and McDonald (1988), ovulated eggs from the single successful spawning obtained 
during this study were substantially smaller (1.4-1.6 mm diameter) than those ovulated 
by Macquarie perch captured in Dartmouth Dam (1.75-2.00 mm diameter) (Gooley and 
McDonald, 1988). Cadwallader and Rogan (1977) reported that the eggs of Macquarie 
perch spawned in Lake Eildon (Victoria) were 1-2 mm in diameter and increased to 4 
mm in diameter within 20-30 minutes after fertilization. In contrast, the fertilized eggs 
obtained in the current study increased to only 2.2-2.6 mm in diameter. Possible reasons 
for the incomplete gonadal maturation of female Macquarie perch are discussed below. 
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Broodfish Maintenance 

Unsuitable environmental conditions, including the absence of species-specific 
cues will inhibit normal gonadal development and spawning in fishes (Donaldson and 
Hunter, 1983; Bye, 1984). In the wild, Macquarie perch undergo an annual upstream 
migration during spring and early summer to spawn in flowing water over small 
boulders and gravel beds (Wharton, 1968; Cadwallader and Rogan, 1977). The absence 
of these environmental conditions in earthen ponds may have inhibited final ovarian 
maturation, ovulation and spawning. However, attempts by Wharton (1973) to simulate 
conditions suitable for spawning, by holding fish in aquaria with gravel substrate and in 
earthen ponds with flowing water, were also unsuccessful. Other factors which may have 
influenced ovarian maturation, and ovulation in Macquarie perch held in earthen 
ponds are: high summer water temperatures, such as those which stressed and killed 
Macquarie perch in 1979, poor nutrition due to inappropriate diets, unsuitable water 
quality, and general stress associated with captivity (Billard et al., 1981; Watanabe et al., 
1984). 

Some variability in gonadal maturation may be part of the normal reproductive 
biology of Macquarie perch. Gooley and McDonald (1988) found that Macquarie perch 
participating in the annual spawning migration in Dartmouth Dam showed sub- 
stantially different stages of oocyte development and that this was reflected in the 
variable, and unpredictable success of spawning induction using HCG. 


Spawning Induction 

In general, female fish at an advanced stage of ovarian maturation, usually where 
vitellogenesis is complete, respond readily to the injection of exogenous hormones 
(Lam, 1982; Donaldson and Hunter, 1983; Shelton, 1989). Dosages of 500-1000 i.u./kg 
HCG, which have been used to induce spawning in female Macquarie perch caught 
during the annual spawning migration in Dartmouth Dam (Gooley, 1986; Gooley and 
McDonald, 1988), and repeating the hormone treatment that induced the single 
successful spawning during this study, failed to induce spawning in other captive female 
Macquarie perch. This failure adds further support to our hypothesis that ovarian 
maturation in female Macquarie perch held in earthen ponds was inconsistent and 
generally incomplete. 


Future Research and Conservation 

The apparent lack of complete gonadal development in female Macquarie perch 
held in earthen ponds, and the unreliability and difficulty of collecting running-ripe 
females from the wild (Gooley and McDonald, 1988), have important implications for 
the conservation of this species. All programs to date have been unsuccessful in rearing 
large numbers of Macquarie perch for re-introduction into areas within the former 
distribution. While the species remains threatened, efforts to conserve it should 
continue. Although NSW Fisheries has terminated its captive breeding program, it is 
planned to impose a total ban on the capture of Macquarie perch across the state to ease 
the pressure on remaining stocks. Research into breeding of Macquarie perch is 
continuing at the Snobs Creek Freshwater Fisheries Research Station and Hatchery 
(Victoria). 

The authors consider that the long-term conservation of this species depends, at 
least in part, on the development of captive breeding techniques. The 1978-1990 study 
has identified areas that need urgent investigation before a breeding strategy, for captive 
Macquarie perch, can be developed; these are listed below. 

1. Nutritional requirements of broodfish and the effects of diet on gonadal develop- 
ment. 
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2. Stimuli required for the later stages of gonadal maturation in broodfish held in 
earthen ponds. 

- 3. Use of alternative hormones including LHRHa, antiestrogens, corticosteroids, 
progestogens and prostaglandins, and methods of application, such as sustained-release 
implantable pellets. 


ACKNOWLEDGEMENTS 


We thank P. Selosse, K. Bock, S. Thurstan, F. Prokop, D. Briggs, P. Robertson, and 
L. Rava for their assistance at IFRS; and C. Barlow and G. Gooley for comments on the 
manuscript. We also thank Jannsen Pharmaceutica Pty. Ltd. (Sydney) for donating 
pimozide and Peptide Technology Ltd. (Sydney) for donating LHR Ha. 


/ 


References 


BILLARD, R., Bry, C., and GILLET, C., 1981. — Stress, environment and reproduction in teleost fish. Jn: 
PICKERING, A. D., (ed.), Stress and Fish. Chapter 9, pp. 185-208. Academic Press, London. 

BYE, V. J., 1984. The role of environmental factors in the timing of reproductive cycles. Jn: PoTTs, G. W., and 
WOOTTON, R. J., (eds), Fish Reproduction: Strategies and Tactics. Pp. 187-205. Academic Press, London. 

CADWALLADER, P. L., 1981., — Past and present distributions and translocations of Macquarie perch (Pisces: 
Percichthyidae), with particular reference to Victoria. Proceedings of the Royal Soctety of Victoria 93: 23-30. 

CADWALLADER, P. L., and ROGAN, P. L., 1977. — The Macquarie perch, Macquaria australasica (Pisces: 
Percichthyidae), of Lake Eildon, Victoria. Australian Journal of Ecology 2: 409-418. 

DONALDSON, E. M., and HUNTER, G. A., 1983. — Induced final maturation, ovulation and spermiation in 
cultured fish. Jn: HoaR, W. S., RANDALL, D. J., and DONALDSON, E. M.., (eds). Fish Physiology. Volume 
IX. Chapter 7, pp. 351-404. Academic Press, London. 

Durty, S., 1986. — Genetic and morphological divergence between populations of Macquarie perch 
(Macquaria australasica) east and west of the Great Dividing Range. B.Sc. (Hons) thesis, unpubl., 
University of New South Wales, Kensington. 

GOooL_Lgy, G. J., 1986. — Culture methods for Macquarie perch at Dartmouth, Victoria. Australian Fisheries 
45(9): 18-20. 

GooLey, G. J., and MCDONALD, G. L., 1988. — Preliminary study on the hormone-induced spawning of 
Macquarie perch, Macquaria australasica (Cuvier) (Percichthyidae), from Lake Dartmouth, Victoria. 
Arthur Rylah Institute for Environmental Research Technical Report Series No. 80. 13 pp. 

HaRRIS, J. H., (ed.) 1987. — Proceedings of the Conference on Australian Threatened Fishes (Australian Society for 
Fish Biology, Melbourne, 15-16 August, 1985). Division of Fisheries, Department of Agriculture New 
South Wales, Sydney, 70 pp. 

Hocan, A. E., 1988. — A universal hatching system for fish eggs. Australian Fishertes 47(6): 30-32. 

INGRAM, B. A., BARLOW, C. G., BURCHMORE, J. J., GOOLEY, G. J., ROWLAND, S. J., and SANGER, A. C., 
1990. — Threatened native freshwater fishes in Australia — some case histories. Journal of Fish Biology 
37 (Supplement A): 175-182: 

LAKE, J. S., 1971. — Freshwater Fishes and Rivers of Australia. Thomas Nelson Ltd, Melbourne. 

Lam, T. J., 1982., — Applications of endocrinology to fish culture. Canadian Journal of Fisheries and Aquatic 
Sciences 39: 111-137. 

Musy1_, M. K., and KEENAN, C. P., 1992. — Population genetics and zoogeography of Australian freshwater 
golden perch, Macquarie ambigua (Richardson 1845) (Teleostei: Percichthyidae), and electrophoretic 
identification of a new species from Lake Eyre Basin. Australian Journal of Marine and Freshwater Research 
43: 1585-1601. 

POLLARD, D. A., INGRAM, B. A., HARRIS, J. H., and REYNOLDS, L. F., 1990. — Threatened fishes in 
Australia — an overview. Journal of Fish Biology 37 (Supplement A): 67-78. 

ROWLAND, S. J., 1983. — The hormone-induced ovulation and spawning of the Australian freshwater fish 
golden perch, Macquaria ambigua (Richardson) (Percichthyidae). Aquaculture 35: 221-238. 

ROWLAND, S. J., 1988. — Hormone-induced spawning of the Australian freshwater fish Murray cod, 
Maccullochella peeli (Mitchell) (Percichthyidae). Aquaculture 70: 371-389. 

ROWLAND, S. J., and INGRAM, B. A., 1991. — Diseases of Australian native freshwater fishes, with particular 
emphasis on the ectoparasitic and fungal diseases of Murray cod (Maccullochella peel), golden perch 
(Macquaria ambigua) and silver perch (Bidyanus bidyanus). NSW Fisherwes, Fisheries Bulletin No. 4. 33 pp. 

SHELTON, W. L., 1989. — Management of finfish reproduction for aquaculture. Reviews in Aquatic Sciences 
1(3): 497-535. 


PROC. LINN. SOC. N.S.W., 114 (2), 1994 


i116 MACQUARIE PERCH SPAWNING TRIALS 


WATANABE, T., ARAKAWA, T., KiTAjIMA, C., and Fujita, S., 1984. — Effect of nutritional quality of 
broodstock diets on reproduction of red sea bream. Bulletin of the Japanese Society of Scientific Fisheries 50: 
495-501. 

WHARTON, J. C., 1968. — Spawning areas of the Macquarie perch Macquaria australasica above the Eildon 
Lake (Victoria). Australian Society for Limnology Newsletter 6(1): 11-13. 

WHARTON, J. C., 1973. — Spawning induction, artificial fertilization and pond culture of the Macquarie 
perch (Macquaria australasica [Cuvier, 1830] ). Australian Society for Limnology Bulletin 5: 43-65. 


PROC. LINN. SOC. N.S.W., 114 (2), 1994 


PROCEEDINGS 
of the 


LINNEAN 
SOCIETY 


NEW SOUTH WALES 


VOLUME 114 
NUMBER 3 


© Linnean Society of New South Wales 


Late Holocene Environmental Changes 


On Kurnell Peninsula, NSW 


ADRIAN G. JOHNSON 
(Communicated by H. MARTIN) 


JOHNSON, A.G. Late Holocene environmental changes on Kurnell Peninsula, New 
South Wales. Proc. Linn. Soc. 114 (3): 119-132 (1994). 


Studies of stratigraphy, mineral magnetic characteristics, organic matter, selected 
cation, pollen and charcoal abundances were used to reconstruct environmental 
changes from three perched swamps on Kurnell Peninsula, NSW (151°13’ E, 34°02’S). 

Swamp sediments began accumulating between 2400 and 1680 years ago. Organic 
matter collected in these depressions continuously as vegetation communities 
developed on the newly formed Holocene dunes. Periods of mineral sediment supply 
from eroding catchments and oceanic influx punctuated this organic build-up. An 
increase in charcoal input into the sediments was noted for the period 1040-200 years 
Before Present, most probably due to Aboriginal burning. This was accompanied 
by an increase in the abundance of sclerophyllous vegetation species. Since European 
settlement, increasing catchment erosion, increased turbidity of swamp waters, an 
altered fire regime, and a greater supply of magnetic aerosols have occurred. 


A. G. Johnson, School of Geography, University of NSW, PO. Box 1, Kensington, Australia 2033; 
manuscript received 19 January 1993, accepted for publication 23 June 1993. 


INTRODUCTION 


The fundamental method of identifying past physical changes from swamp profiles 
is stratigraphic — aided by sedimentological, petrographic, palaeontological, 
geomorphic and geochemical studies (Chappell, 1978). Therefore, a multi-disciplinary 
approach to the analysis of environmental change is desirable for quantifying past 
changes. This study draws on a number of techniques to reconstruct a history of 
environmental conditions on Kurnell Peninsula during the last 2400 years. 


STUDY AREA 


Kurnell Peninsula forms the southern shore of Botany Bay, about 12 km south of 
Sydney (Fig. 1). It is a unique cultural resource because of its historical significance, its 
importance for recreational and scientific purposes, its value as a source of extractive 
materials and the site for many manufacturing industries. 

The current climate of the study area is temperate coastal. However, due to the 
rugged topography of the Kurnell Headland, and its coastal location, many micro- 
climates result. The region experiences warm to hot summers and mild winters. Average 
annual rainfall is 1100 mm, most of which falls in the period January to June. Rainfall 
occurs approximately 130 days per year. Prevailing winds are from the south east during 
summer and autumn, and the west during winter (Bureau of Meteorology). 

During the Early Holocene, when sea level rose to between 9 and 20 m below its 
present level, marine sands were reworked from the Pleistocene marine substrata and 
washed into the near-shore zone to form spits and beach ridges. Tidal deltaic deposits 
issued from the Georges River and Port Hacking Estuary. These sediments and those 
supplied by littoral drift from further south were deposited between Port Hacking Point 
and Kurnell Headland (island) to form a proto-barrier. This material was to be later 
reworked across Bate Bay to form the present day Kurnell Isthmus. Activity had 
probably ceased by the Late Holocene (Roy and Crawford, 1979; Hann, 1986). 

Urwin (1980) described five land units for the study area (Fig. 1). The Bedrock 
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Fig. 1. Location maps and Land Units. 


Land Unit of Hawkesbury Sandstone is the oldest. It occurs along the eastern edge of 
the Peninsula. Some areas are covered by shallow sandy soils. Other areas have deeper 
podzols, aeolian sands derived from the proto-barrier. The underlying sandstone 
is impermeable, except where subject to joint fracturing, so a high water table is 
maintained in these Holocene sands. Thus, swamps on the Peninsula form as windows 
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to this water table. The vegetation here comprises heathlands to the south grading 
to a low forest in the north. Major communities include heath (dominant canopy 

species of such communities include Allocasuarina distyla, Banksia serrata, Westringia 
fructicosa, Acacia spp., Kunzea ambigua, Banksia ericifolia); swampland (Gahnia sieberana, 
Schoenoplectus litoralis, Restto spp.); forest (Eucalyptus gummifera, Angophora costata); and 
woodland (Eucalyptus and Angophora spp.). The Early Estuarine Land Unit is derived 
from aeolian sands blown from sand bars at the ancient mouth of the Georges River. 
They form dunes running east-west over the bedrock unit. Soils here are deep, strongly 
leached, and poorly structured. The unit supports scrub (Eucalyptus gummifera, Angophora 
costata, Banksva ertcifolia, Callistemon citrinus, Persoonia lanceolata, Melaleuca ericifolia, Acacia 
longifolia var. sophorae); swampland (Juncus spp., Schoenoplectus sp., Cyperus sp.); forest 
(Casuarina glauca, B. integrifolia); woodland (Casuarina glauca, B. integrifolia); and shrub- 
land (E. botryoides, B. integrifolia). The Early Dune Land Unit sparingly overlies the 
above two units to form a geomorphic mosaic. It is derived from the deposition of 
marine sands from Bate Bay. These dunes are aligned north-south, are relatively deep 
and strongly podzolised, high in organic material and low in calcium. Vegetation 
communities include heath (Allocasuarina distyla, Banksia spp., Leptospermum laevigatum); 
scrub (L. laevigatum, Banksia spp., Allocasuarina distyla, Angophora costata, Acacia longifolia 
var. sophorae, Cupaniopsis anacardioides); woodland (B. integrifolia, L. laevigatum); shrubland 
(E. botryoides, B. integrifolia); grassland (Themeda australis); and swampland (Gahnia, 
Schoenoplectus spp.). The Recent Dune Land Unit comprises calcareous and un- 
leached dunes aligned east-west. Much of this unit is unstable resulting in blowouts 
which have covered older stabilised dunes. ‘This unit supports forest (Banksza integrifolia, 
Leptospermum laevigatum, Allocasuarina spp., Cupaniopsis anacardioides); scrub/heath 
(Acacia longifolia var. sophorae, the exotic Lantana camara); herbfield (Spinifex hirsutus, 
Scaevola calendulacea, the exotic Hydrocotyle bonariensis); and saltmarsh (Juncus kraussit). 
Parts of the Recent Estuarine Land Unit may parallel the development of the previous 
three units. The unit comprises mudflats, sedgelands and intertidal mangrove 
stands. Swampland and mangrove soils found here are a collection of organic matter 
and silt and have a high organic clay content (Walker, 1960). This unit supports 
scrub and low forest (Avicennia marina, Casuarina glauca, Banksia integrifolia, Leptospermum 
laevigatum, Cupaniopsis anacardioides); shrubland (Aegiceras corniculatum, M. ericifolia); 
woodland (Eucalyptus botryoides, B. integrifolia, L. laevigatum); saltmarsh (Sarcocornia 
quinqueflora); sedgeland/grassland (Juncus spp./Phragmites australis); herbfield (Spinifex 
hirsutus). 

The soils of each land unit have a low nutrient status and water retention capacity. 
They are friable with a high potential for wind and water erosion, especially if the 
vegetation cover is removed. 

Aboriginal people were known to inhabit the shores of Botany Bay along with much 
of the south eastern coastline of New South Wales (Megaw, 1965; Megaw and Wright, 
1966; Flood, 1983). Possibly the best indication of Aboriginal numbers in the region is 
from Captain Cook’s accounts. Each excursion made inland by the British explorers 
encountered natives or their huts, canoes, cooking fires, food collections, scarred trees 
and so on. The largest group of people seen was 20, and no settlements were found that 
indicated there were larger groups (Reed, 1969). 


STUDY SITES 


The names assigned to the three swamps studied have recently been gazetted by the 
Department of Lands following an application by the author. The locations of the 
swamps are shown in Figure 1. 
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Blue Hole Swamp 1s a relatively large, shallow swamp on the east coast of the 
Peninsula. It has an elevation of about 30 m a.s.l., and a catchment of approximately 3 
ha with slope angles ranging between 8° and 14°. It is located within the Early Dune 
Land Unit. The material forming its base is Hawkesbury Sandstone overlain by a 5-7 m 
veneer of Late Holocene transgressive dune material. Its waters are about 1 m deep. 
Solander Swamp, also located within the Early Dune Land Unit, has an elevation of 
about 25 m a.s.l.. Its 6 ha catchment has slope angles ranging between 9° and 12°. The 
swamp is formed on a 20 m thick lens of Holocene sand. Its waters are also about 1 m 
deep. Between 1970 and 1985 a large transgressive dune began to invade its waters, but it 
is now stable. Immediately adjacent to the coring sites Gahnia and Schoenoplectus spp. 
dominate at both sites. The shores support shrubs and herbs such as Callistemon spp., 
Sprengelia incarnata, and Banksia spp. The surrounding heath is dominated by Lepto- 
spermum spp., Acacia spp., and Banksia spp. Marton Swamp is the largest inland water 
body in the study area located in the Recent Estuarine Land Unit. It once formed part 
of a tidal mud flat unit, probably colonised by mangroves and saltmarsh vegetation 
communities. The construction of the adjacent oil refineries and Captain Cook Drive 
closed it off from the sea in the early 1950’s to produce the lake. Its catchment has an 
area of 204 ha, with slope angles between 0.5° and 3°. Its basal sediments began 
accumulating before 9000 B.P. (Roy and Crawford, 1979). Its waters were up to 2 m 
deep at the time of sampling and sparsely vegetated by Phragmites australis, Typha orientalis, 
Schoenoplectus, Cyperus, Juncus and Gahnia spp. The surrounding area is dominated by 
Casuarina glauca, Melaleuca ericifolia and Cotula coronopifolia. 

The swamps at Kurnell are of low biological activity (Johnson, 1981) and hence 
do not experience bioturbation. Aquatic plant roots are restricted to the upper 5 cm of 
sediment in the swamps. 


METHODS 


The following attributes of the swamp sediments were analysed: mineral magnet- 
ism, stratigraphy; organic matter content; total phosphorus, sodium, potassium, 
magnesium, calcium, iron, and aluminium ion concentrations; and pollen and charcoal 
distributions. Selected materials were also dated by radiocarbon techniques to provide a 
time sequence. 

Sediment was collected with a Russian sampler (Jowsey, 1966). Vertical, duplicate 
samples were extracted from each of the three swamps. In each case cores were taken 
from the middle of the swamp to minimise the risk of disturbance. The corer was pushed 
until it was stopped by impenetrable basal sand. The stratigraphy of each core was 
described using the Troels-Smith method as outlined in Birks and Birks (1980). 

Each core was passed through a Bartington Magnetic Susceptibility Loop, at 
contiguous 2 cm intervals to measure variation in magnetic susceptibility (core loop 
magnetic susceptibility, or CLMS). Single sample magnetic susceptibility (SSMS) was 
also determined. 

Sub-samples were oven dried at 40°C and transferred to a muffle furnace at 550°C 
for 20 minutes to determine their percentage loss on ignition (PLOI). Variations in 
cation concentrations were measured on the ash from the PLOI procedure. This was 
prepared by a hydrochloric acid digest as described by Murphy and Riley (1962). Clymo 
(1983) suggested that most hydrogen, sodium, potassium, magnesium and calcium in 
ombrogenous peat are exchangeable and these ions may be successfully extracted by 
concentrated acid. Thus, the majority of ions incorporated into the organic matter 
could be expected to be brought into solution. The supernatant from the acid digest 
solutions was analysed on a Pye Unicam SP9 Atomic Absorption Spectrophotometer. 
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An aliquot of this solution was prepared for determination of total phosphorus as 
outlined by Esdaile and Colwell (1963) using a Bausch and Lomb Spectrometer. 

Pollen samples were prepared using the standard alkali, acetolysis, and dehydra- 
tion procedure outlined in Faegri and Iverson (1975) and Moore and Webb (1978). 
However, the cold hydrofluoric acid (50%) treatment was replaced with a zinc bromide 
treatment to remove any heavy mineral fraction from samples (modified from Clark, 
1984). Samples were measured volumetrically and spiked with an Alnus rugosa ‘pill’ 
containing 151,000 +/- 9,060 pollen grains to help estimate pollen concentrations. 
Prepared residues were counted for the following pollen taxa: Eucalyptus, Leptospermum/ 
Baeckea, Pteridium, Poaceae, Casuarinaceae, Banksia, Acacia, Haloragis (Gonocarpus), 
Gleichenia, Monotoca, Lobeliaceae and Restionaceae. These taxa were chosen after 
consideration of those found to be most meaningful in other environmental change 
studies in the Sydney region (Chalson, 1983; Kodela, 1984). In addition, Plantago 
lanceolata and Pinus (two introduced taxa) were counted to locate the level at which 
European people began to affect the environment. The ‘point count’ method (Clark, 
1982) was used to estimate microscopic charcoal concentrations. Data for the longest 
core only (that being Marton Swamp) was collected. 

In analysing the changes in the chemical data (against depth) by way of statistical 
procedures, a major restriction is that imposed by ‘positive spatial autocorrelation’. That 
is, individual observations tend to be positively correlated with adjacent observations in 
an ordered (time) series. The absence of autocorrelation in data is an assumption for all 
linear regression techniques (Norcliffe, 1977). Therefore a statistical test was employed 
to analyse the data that would not look at individual observations but groups of observa- 
tions. The median test is a measure of central tendancy of ordinal scale data and 
compares the magnitude of the middle value of groups of ranked data. For this analysis 
the analytical data from each swamp was subjectively split into groups having relatively 
uniform characteristics or phases of change between stable levels. The groups chosen 
were: 


Blue HoleSwamp — ~ 16-11, 11-9, 9-3, 3-0 cm 
SolanderSwamp — __ 51-32, 32-10, and 10-0 cm 
Marton Swamp — 43-20, 20-11, and 11-0 cm. 


To observe the possible interactions between taxa and charcoal over time, a time 
series analysis package developed for use with pollen data was employed (POLSTA, 
Green, 1983). 


RESULTS AND DISCUSSION 


The core stratigraphies for the three swamps are related to each other in Figure 2. 
Blue Hole Swamp contains fine sand particles at 13-16 cm that are probably from the 
Holocene basal material. Inorganic sediment supply to the swamp from the catchment 
is very low. This is in keeping with the small size and gentle slopes of the catchment. The 
lack of stratigraphic boundaries suggests that deposition of plant material occurred with 
no significant breaks. Accumulation of organic matter began around 1680 B.P. +/- 70 
(Laboratory Number: Beta-21346) at Solander Swamp and continued until c. 1300 B.P.. 
From 37 cm to 25 cm small quantities of sand were supplied to the swamp. Thereafter, 
organic matter accumulation continued until the Present. The recent invasion 
of the swamp by the transgressive dune is not recorded in the sediments sampled. 
The dates recorded here would seem applicable to the Blue Hole chronology as they 
are located in the same land unit. The lowest sand layer in Marton Swamp (below 53 
cm) is presumably the Holocene spit sediment that forms the swamp’s base. Material 
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directly above this was dated at 2410 +/- 270 (Laboratory Number: Beta-21345). Sand 
deposited between 43-45 cm indicates a well-defined period of mineral influx. Due to the 
very gentle slope and high infiltration rates of the surrounding terrestrial landmass, 
this influx is probably of marine origin, and corresponds with a period of estuarine 
reworking and resultant deposition of this unit during the Late Holocene (see Roy and 
Crawford, 1979). Organic matter supply increased markedly after 1040 B.P. +/- 90 
(Laboratory Number: Beta-21344) to peak around 11 cm. Shells found in the depth 
range 0-12 cm in the Marton core were of the snail Hydrobza victoria (Jerrard Clark, 
Australian Museum, pers. comm.). In Mr. Clark’s opinion the shells were fossil shells, as 
the snail is a non-burrowing species. The possibility that these shells were washed in 
may be discounted as no other inorganic material of similar size was found in this layer. 
The snails may be killed by water containing high amounts of suspended sediment. This 
could be achieved by increased turbidity of the swamp water due to human activity. In 
fact, graphing the radiocarbon dates against depth illustrates sediment influx rates for 
Marton Swamp have increased 8-fold since European settlement. 
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Fig. 2. Stratigraphies of cores from each swamp sampled. 


All PLOI, magnetic susceptibility and geochemical parameters studied changed 
significantly since the formation of the swamps as determined by the median test (0.05 
level of significance). The PLOI data increase away from the base to obtain relatively 
high levels for the majority of the profile and then decrease towards the surface (Figs. 3, 
4 and 5). This can be explained: accumulation of organic matter accelerated following 
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Fig. 3. Blue Hole Swamp magnetic susceptibility (Core Loop — dimensionless; Single Sample — 10°GOe’"), 
percentage-loss-on-ignition, elemental geochemistry (milli-equivalents/100grams) and pH. 
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Fig. 4. Solander Swamp magnetic susceptibility (Core Loop — dimensionless; Single Sample — 10°°GOe"), 
percentage-loss-on-ignition, elemental geochemistry (milli-equivalents/100 grams) and pH. 
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Fig. 5. Marton Swamp magnetic susceptibility (Core Loop — dimensionless; Single Sample — 10°GOe’), 


percentage-loss-on-ignition, elemental geochemistry (milli-equivalents/100 grams) and pH. 
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the inception of the depositional basin due to vegetational succession on and around the 
swamp. That material closer to the surface contains an increasing percentage of water 
and elasticity as compared to the more decomposed and compact lower sediments. 
A strong positive correlation exists between the PLOI data and those for all cations 
suggesting that cations preserved in the peat are incorporated in the dead plant 
material. This confirms Clymo’s 1983 statement, regarding ions incorporated into the 
organic matter being brought into solution, mentioned earlier. The surface layers (c. 0-5 
cm) are deficient in organic matter, cations, and minerals, yet record high CLMS and 
SSMS readings. Low organic matter and cation levels were expected as these layers 
consist mainly of water, however, high CLMS and SSMS readings are not explicable 
from these data. This may reflect errors induced due to the sediment’s high moisture 
content and ‘feeling’ of air by the scanners. However, such a phenomenon was not 
apparent at the other end of the core. Another possible explanation is an anthropogenic 
influence. That is, the addition of magnetic aerosols to the swamp by the combustion of 
fossil fuels or in-wash of magnetic minerals from the surrounding area (Oldfield et al., 
1981; Hunt et al., 1984). Considering the industrial establishments located in the study 
area, this appears plausible. 

Table 1 shows higher magnesium, calcium, sodium and potassium readings in the 
Solander and Blue Hole Swamp sediments than the Marton Swamp sediments. This 
may be related to the location of Solander and Blue Hole Swamps near the ocean and its 
ion-bearing breezes, or the differing basal materials that catchment waters percolated 
through. The Early Dune material may be a richer source of cations than the Recent 
Estuarine sands. Urwin (1980) suggests that this area of the Early Dune Land Unit is 
unleached and calcareous. 


TABLE 1 
Mean parameter levels between swamps 


Parameter | Blue Hole Solander Marton | 
Swamp Swamp 
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Fig. 6. Pollen influx for Marton Swamp. 


The pollen data for Marton Swamp (Fig. 6) indicate a relatively stable vegetative 
community during Zone I (Zones were determined by the ZONATION computing 
package). After 1040 B.P. (Zone II), Lobeliaceae disappears from the record. 


PROC. LINN. SOC. N.S.W., 114 (3), 1994 


LATE HOLOCENE ENVIRONMENTAL CHANGES 


130 


TABLE 2 
Correlations between taxa and charcoal as determined by Polsta 
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Casuarinaceae, Eucalyptus, Leptospermum/Baeckea, Monotoca, Poaceae, and to a lesser 
extent, Pterrdium and Gonocarpus, increase in abundance until 150 B.P.. All taxa decrease 
in abundance toward present times (Zone III). The charcoal record reveals a similar 
pattern to the group of plant taxa described above. Aboriginal burning practices are 
most probably responsible for the increasing charcoal input during Zone II. It seems 
reasonable to relate the vegetative changes at this time with an increased Aboriginal 
burning regime as inferred by the microscopic charcoal record. After an initial drop, 
charcoal increased throughout Zone III but does not reach the heights of the 13 cm 
levels. This sequence may relate to the changeover in the land’s caretakers as Aboriginal 
people were driven out of the Kurnell region by European. The presence of Pinus 
and Plantago lanceolata pollen in the upper most samples of the Marton core helps fix the 
stage of European settlement as being between 10 and 13 cm. This corresponds with the 
stratigraphic location of Hydrobia victoria shells (Fig. 2) and the charcoal record scenario 
described above. POLSTA indicates that fire has favoured understorey/disturbance 
species, such as Poaceae and Pteridium, but also Casuarinaceae, Eucalyptus, Gonocarpus, 
Leptospermum/Baeckea, and Monotoca (‘Table 2). The fact that a grassland community does 
not rise to dominance over the shrubs and trees may suggest that the fire regime, even at 
times of apparent frequent occurrence, was not very intense. 

A climatic variation may need to be considered here. Climates in south eastern 
Australia during the last 2 to 2000 years have been similar to that experienced today 
(Bowler et al., 1976; Coventry and Walker, 1977; Singh et al., 1981). However, numerous 
studies in south eastern Australia have indicated some slight fluctuations in climatic 
conditions during the Late Holocene. For example Kodela (1984) at Kui-ring-gai Chase 
National Park found that conditions may have been warmer and drier around 1700 B.P.. 
Unfortunately with the present study the palaeoecological record is very short. Thus 
any possible climatic changes are most probably obscured by successional processes. 


SYNTHESIS 


The data from these sites indicate a slightly different environmental sequence for 
the hanging swamps on the Early Dune Land Unit compared to the Early Estuarine 
Land Unit. 

Organic sediments on the Early Dune Unit began accumulating around 1680 B.P.. 
Periods of slope instability in the catchment were apparent as plant communities 
developed. In recent times the effects of magnetic aerosols have been noted in upper 
sediments. 

Sediments began accumulating in the Early Estuarine Unit earlier, before 2410 
B.P., probably because of their proximity to sea level. These saturated sediments were 
not as mobile as the cliff top dunes. Soon after, reworking of marine sands covered the 
deposit. Organic matter accumulation continued thereafter, accompanied by an 
increase in Aboriginal burning of the landscape. European settlement resulted in an 
increased sedimentation rate and increased turbidity of the swamp waters, a changed 
fire regime, and introduction of exotic plants. Magnetic aerosol particles were released 
into the air. 
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The Noogoora burr (cocklebur) complex in Australia consists of four closely 
related Xanthium species considered to be among the most important weeds in summer 
crops and pasture. In 1987, a mail survey was sent to agronomists to determine the 

/ distribution of the Noogoora burr complex and the occurrence of rust, Puccinia xanthit, 
on Xanthium spp. (other than X. spinosum) in Australia. Field surveys were made in late 
summer of 1985 and 1990 in New South Wales and Queensland, and during April 1991 
in the Northern Territory and the north of Western Australia to supplement results 
obtained from the mail survey. Puccinia xanthiz was most prevalent and severe in south- 
east Queensland but also occurred in the other States surveyed. In Queensland, leaf, 
petiole and stem lesions were common and adversely affected growth of plants. During 
the field surveys of 1990 and 1991, attempts were made to isolate other pathogenic fungi 
occurring on Xanthium spp. Several soil-borne pathogens were isolated from stems of 
wilting plants. Other fungi including species of Phomopsis, Colletotrichum and Alternaria 
were isolated from diseased foliage. The pathogenicity of 63% of the fungi isolated was 
assessed to evaluate their potential as mycoherbicides. Alternaria zinniae and P. xanthi 
were the most aggressive pathogens but the latter is not a suitable candidate for develop- 
ment as a mycoherbicide because of its biotrophic nature. A close association between 
some facultative parasites and rust was observed in the field. 
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INTRODUCTION 


The genus Xanthium in Australia comprises five robust annual weed species, X. 
spinosum LL. (Bathurst burr, spiny cocklebur) and other Xanthium spp. (Noogoora burr 
[cocklebur] complex) which cause major economic losses in agricultural production 
(Martin and Carnahan, 1983; Hocking and Liddle, 1986). The recognition of four 
different but closely-related species within the Noogoora burr complex in Australia is 
widely accepted (Hocking and Liddle, 1986). The complex consists of X. occzdentale 
Bertol. (Noogoora burr), X. italicum Mor. (Hunter burr), X. orientale L. (Californian 
burr) and X. cavanillesti Schouw (South American burr). These species are commonly 
grouped under the name X. strumarium L. sensu lato in the literature. Xanthium seedlings 
are poisonous to livestock, growing plants compete with summer crops and pasture and 
the spiny fruits characteristic of the genus contaminate the wool of sheep. Weeds of the 
Noogoora burr complex are also hosts for parasitic Cuscuta spp., major pests of lucerne 
(Medicago sativa L.). 

Xanthium spp. are susceptible to some pre- and post-emergence broad-leaf 
herbicides but chemical control in Australia is generally uneconomical because most 
infestations occur on vast pastoral areas. Chemical control also is not feasible when the 
weeds grow in crops such as cotton (Gossypium hirsutum L.) and sunflower (Helzanthus 
annuus L.) which are susceptible to the available herbicides (Hocking and Liddle, 1986). 
Hand-hoeing of these species is still practised in cotton in Australia. Biological control of 
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Xanthium weeds with fungi represents a possible alternative or complementary strategy 
to traditional control measures. 

An anthracnose fungus, Colletotrichum orbiculare (Berk. & Mont.) v. Arx is being 
developed as a mycoherbicide to control X. spinosum L. (Auld et al., 1988; McRae and 
Auld, 1988; Auld et a/., 1990). This fungus, however, is ineffective as a biological control 
agent for the Noogoora burr complex (Nikandrow et al., 1990; B. A. Auld, unpublished 
data). Pathogenic fungi including a species of Phomopsis, Verticillium dahliae Klebahn and 
Macrophomina phaseolina (Tassi) Goidanich were isolated from diseased Xanthium spp. 
belonging to the Noogoora burr complex during the late summer of 1984 in New South 
Wales (Nikandrow et al., 1990). None of these fungi, however, demonstrated great 
potential for use as biological control agents because of their low virulence or wide host 
range. The rust fungus Puccinia xanthit Schw. has been proposed as a potential classical 
biological control agent for the Noogoora burr complex in Australia (Hasan, 1974). It 
was first recorded in Australia near Brisbane, Queensland in 1975 and has since spread 
throughout Queensland, New South Wales (NSW) and the Northern Territory (Alcorn, 
1975; Alcorn and Kochman, 1976; Hocking and Liddle, 1986). The epidemiology 
of P. xanthit and extent of damage it causes on the Noogoora burr complex have been 
investigated recently (Morin e¢ al., 1992, 1993) but the distribution of the disease is not 
well documented. 

The present study was undertaken to determine the occurrence of rust and other 
pathogenic fungi on the Noogoora burr complex in Australia. ‘The potential for use of 
these fungi as inundative or classical biological control agents is assessed. 


MATERIALS AND METHODS 


Mail survey — occurrence of the rust 

In early 1987 a mail survey was distributed to 105 agronomists in Queensland, 
NSW and Victoria to determine the occurrence of P. xanthii on Xanthium spp. The survey 
consisted of an introductory letter and pictorial identification guides to Xanthium spp. 
and rust symptoms as well as a questionnaire. The latter requested information about 
the occurrence of Xanthium spp. present in a particular area and the occurrence of rust 
on the respective species. Similar information was obtained for Western Australia, the 
Northern Territory and Tasmania by contacting relevant weed agronomists. 


Field surveys — occurrence of the rust 

Field surveys were made during the late summer months of 1985 and 1990 in NSW 
and Queensland to supplement the results obtained from the mail survey. In addition, 
three sites in South Australia and Victoria infested with species of the Noogoora burr 
complex were examined in 1985 for presence of rust infection. A subsequent field survey 
in 1991 targeted the main areas of the Northern Territory and Western Australia infested 
with Xanthium spp. to determine the occurrence and severity of rust in northern regions 
of Australia. The sites inspected were generally located on roadsides, creek and river 


banks, and paddocks. 


Collection and isolation of fungi from Xanthium spp. 

During the field surveys undertaken in late summers 1990 and 1991, plants of the 
Noogoora burr complex showing disease symptoms that differed from those resulting 
from rust infection were collected. Sixty-five collections of diseased Xanthium plants were 
made at 37 different sites infested with one or two of the species of X. occidentale, X. 
italicum and X. cavanillesii. Leaf tissue with disease symptoms was cut into small pieces 
(approximately 0.5 cm), surface sterilized in 2% sodium hypochlorite for 1 to 3 min 
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and transferred to Petri dishes containing low-strength potato dextrose agar (4 g PDA, 
15 g agar, 1 L pure H,O) (filtered by a double-pass reverse osmosis water purification 
system, model Milli-RO TS® , Millipore S.A., Molsheim, France) acidified with lactic 
acid (one drop of 25% lactic acid per plate). Diseased stems, petioles and fruits were 
surface sterilized in 70% ethanol for 30 sec and in 2% sodium hypochlorite for 1 to 6 
min, cut into small pieces and transferred to acidified low-strength PDA contained in 
Petri dishes. The plates were incubated in the dark at 25° + 1°C for approximately one 
month. Fungi growing from the pieces of plant tissue were sub-cultured onto PDA and 
low-strength PDA contained in Petr: dishes. Plates were incubated in the dark at 25°C 
until sporulation was observed. Fungal spores produced on these plates or directly on 
the plant tissue were transferred using a sterile inoculating loop to acidified low-strength 
PDA and streaked across the surface of the agar. Plates were incubated in the dark at 
25°C for 18 to 24 h before single germinating spores were transferred onto PDA and 
low-strength PDA using a fine sterile needle to make a single-spore isolate. Mycelial 
isolates were made from the fungi that did not sporulate in artificial culture. Single- 
spore and mycelial isolates of fungi isolated from diseased specimens were preserved in 
McCartney bottles in saline solution (Muir, 1988) and on low-strength PDA slopes 
and stored in a cold room at 4°C (Agricultural Research & Veterinary Centre, Orange, 
Australia). Spores produced by most single-spore isolates were also preserved in a skim- 
milk and glycerol solution (D. TeBeest, personal communication) in a cryofreezer 
(Forma Scientific, model 8471, Ohio, USA) at -70°C. 


Inoculum production and preliminary screening tests for pathogenicity 

A preliminary experiment was performed in controlled environment conditions to 
screen the numerous single-spore fungal accessions for pathogenicity on X. occidentale. 
Time and space restrictions limited the number of plants that could be inoculated. Soil- 
pathogens including Fusarium spp., M. phaseolina, V. dahliae and Sclerotinia sclerotiorum 
(Lib.) de Bary which usually have a wide host range, yeast-like fungi and isolates that 
did not sporulate abundantly on artificial media after two months were not included in 
the preliminary pathogenicity tests. 

Inoculum of the Hyphomycete fungi was produced by transferring small pieces 
of mycelium from the single-spore colony maintained on agar slopes to oatmeal agar 
(OMA, 20 g oatmeal, 20 g agar, 1 L pure H)O), PDA and low-strength PDA in Petri 
dishes. Plates were placed in small plastic bags in an incubator set at 25°C with a 
12 h photoperiod consisting of near ultra-violet (NUV) (Splendor, 20W) and white 
(Osram, 20W) lights. Twenty days after inoculation of plates, spores were harvested 
from the medium that produced maximum sporulation either with a cyclone spore 
collector (Tervet and Cherry, 1950) and subsequently suspended in water or by flooding 
the plates with a solution of pure water and Tween 80® (approximately two to three 
drops Tween 80® per 100 mL H,O). The latter suspension was then filtered through 
cheesecloth to separate the spores from the mycelial fragments. The spore density of 
the suspensions was determined using a haemocytometer and adjusted to densities of 
1 x 10*, 1 x 10° or 5 x 10° spores/mL depending on the number of spores present, using 
pure water. 

Inoculum of non-Hyphomycete fungi was produced by transferring spores with a 
sterile needle, from the original single-spore colony to a sterile glass slide containing a 
drop of sterile pure water to make a spore suspension. Petri dishes containing OMA, 
PDA and low-strength PDA were inoculated by streaking the surface of the agar with the 
spore suspension using a sterile inoculating loop. One mL of sterile pure water was then 
added to each plate and spread evenly onto the surface with a sterile bent glass rod. 
Plates were placed in small plastic bags and incubated at 25°C with a 12 h NUV and 
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white lights/12 h dark regime. Plates were examined every second day for sporulation. 
Spores were harvested from the medium that produced maximum sporulation seven 
days (+ two days) after half of the fungal colony was observed to be sporulating. The 
surface of the agar was flooded with approximately 5 mL of pure water and gently 
flushed several times using a 5 mL disposable syringe which was then used to recover 
the spores. The suspension was transferred to a McCartney bottle, spore density 
determined with a haemocytometer and adjusted to 1 x 10° spores/mL using pure water. 

Two Noogoora burr plants at the four- to five-leaf stage grown in a sand-peat 
mixture contained in 10-cm diameter plastic pots in a temperature-controlled glass- 
house at 25° + 1°C were sprayed with the spore suspensions until run-off using an 
N,-propelled spray atomizer (Badger air-brush co., model no. 250-1, Illinois, USA) for 
each fungal accession. Inoculated plants were placed in a dark dew chamber (Percival, 
model I-60 DL, Boone, Iowa) set at 24° + 1°C for 24 h and then transferred to a walk- 
in controlled environment chamber (Conviron, model PGV 36, Winnipeg, Man., 
Canada) set at 25° + 1°C, 55% RH and 12 h photoperiod (330 wEm’s"). Plants were 
examined for disease symptoms at one and two weeks after inoculation. One plant was 
then transferred to a dark controlled environment chamber (Conviron, model E7H) set 
at 25° + 1°C for two weeks to stimulate rapid senescence. Both plants were examined 
again for disease symptoms at four weeks after inoculation. 

The fungi were re-isolated from diseased plant tissue, to conform with Koch’s 
postulates, using the isolation technique employed for leaf specimens collected from the 
field. Attempts were also made to re-isolate the fungi from healthy plant tissue of the 
third oldest leaf of inoculated plants. 


Pathogenicity test 

Fungi that produced disease symptoms on Noogoora burr plants in the prelimin- 
ary pathogenicity test were further tested to confirm their pathogenicity. Inocula of the 
fungi (except Alternaria zinniae M. B. Ellis; IM1352084, DAR68414) were produced by 
spreading with a sterile inoculating loop approximately 0.5 mL of a thawed suspension 
of spores in a skim-milk and glycerol solution onto the surface of PDA contained in Petri 
dishes. Plates were placed in small plastic bags in an incubator set at 25°C with a 12 h 
NUV and white lights/12 h dark regime. Inoculum of A. zinniae was produced with a 
method slightly modified from Nehl (1990). At one month after inoculation of plates, 
spores of all fungi were collected by washing the surface of the agar with pure water. The 
density of spore suspensions was determined with a haemocytometer and adjusted to 1 x 
10° spores/mL (1 x 10* spores/mL for A. zinniae) using pure water. 

Noogoora burr plants at the two- to three-leaf stage were sprayed with the spore 
suspensions as described above. Control plants were sprayed with water. Inoculated and 
control plants were placed in a dark dew chamber at 24°C for 24 h and then transferred 
to a walk-in controlled environment chamber set at 20° + 1°C, 55% RH and 12 h 
photoperiod (580 pEm~s"). Disease symptoms, if any, were recorded at one week after 
inoculation before the lights in the controlled environment chamber were turned off. 
Plants were left in the dark for 20 days to stimulate senescence. The surface of senescent 
plants was then examined for fruiting bodies of the fungi. Fungi were re-isolated from 
the part of the stem between the second and third oldest leaves using the procedure 
described above. A completely randomized design with six replicates per treatment was 
used in this experiment which was performed twice. 


RESULTS 


Distribution of the Noogoora burr complex 
X. occidentale was the most abundant species of the Noogoora burr complex 
occurring in Australia (Fig. 1). It was very widespread in Queensland and New South 
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Wales during the mail (1987) and field surveys (1985, 1990). It also occurred in the 
northern and central regions of the Northern ‘Territory. Infestations around Darwin 
were not observed in 1991 because they had been eradicated with herbicides (I. Miller, 
personal communication). In the north of Western Australia, Noogoora burr infested 
large areas along the Ord River (1991). These areas are currently under quarantine to 
restrict the spread of the weed throughout the state. Infestations of Noogoora burr in 
Western Australia were also reported on the Fitzroy River and in a few areas around 
Perth. Populations of Noogoora burr were reported in the south-eastern part of South 
Australia and in Victoria but the distribution of the weed was difficult to evaluate since 
only a few sites were visited. 


Northern 
Territory 


Western 
Australia 


South 
Australia 


New South 
Wales 


fad 


Tasmania 


Fig. 1. Distribution of the Noogoora burr complex in Australia according to mail and field surveys: Xanthium 
occidentale (), X. orientale, X. italicum, X. cavanillesii and putative hybrid between X. italicum and X. occidentale 


(4). 
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South 
Australia 


New South 
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Fig. 2. Detailed distribution of the Noogoora burr complex in New South Wales, Victoria and South Australia 
according to mail and field surveys: Xanthium occidentale (¢), X. orientale (A\), X. italicum (WB), X. cavanillesti (A) 
and putative hybrid between X. ttalicum and X. occidentale (U). 


The other Xanthium spp. included in the Noogoora burr complex were not widely 
distributed in the regions of Australia surveyed (Fig. 2). The results from the mail and 
field surveys indicated that X. stalicum and X. orientale occurred on approximately 17% 
and less than 5%, respectively, of the total areas infested with the Noogoora burr 
complex. The collection of putative hybrids between X. occidentale and X. italicum at 19% 
of the sites visited during the 1990 and 1991 field surveys indicated the presence of 
hybridizing mixed populations of these species. Pure and hybridized stands of X. ztalicum 
were mainly reported in areas of central and north-eastern NSW and along the Hunter 
river. In contrast, infestations of X. orientale were found in South Australia and in 
Victoria. Small populations of X. cavanillesii were found only at Richmond (near 
Sydney) and on the bank of the Murrumbidgee River near Darlington Point, NSW. No 
infestations of the Noogoora burr complex were recorded in ‘Tasmania. 

The field surveys indicated that more than 50% of the infestations of the Noogoora 
burr complex occurred on the banks of rivers and creeks. Infestations were less extensive 
along road sides and cultivated paddocks. 


Occurrence of the rust 

Puccinia xanthi was observed on all species of the Noogoora burr complex during the 
mail and field surveys, occurring in 50 to 64% of the areas infested with the weeds. The 
disease was most prevalent and severe in south-eastern Queensland and north-eastern 
NSW (Fig. 3). Rust was reported from all States except Victoria and Tasmania. Only 
one site infested with Xanthium spp., however, was inspected for the occurrence of rust in 
Victoria. In 1991, epidemics of the rust were not severe in the north of Western Australia 
and Northern Territory. PR xanthii was reported at two sites in South Australia during 
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the mail survey. During the 1990 and 1991 field surveys, leaf lesions were common 
symptoms in all populations of Xanthium spp. infected by the rust. In Queensland, 
however, leaf, petiole and stem lesions were frequently observed simultaneously and 
appeared to adversely affect growth of plants. 


Northern 
Territory 


Western 
Australia 


South 
Australia 


New South 


z 


Tasmania 


Fig. 3. Distribution of the rust Puccinia xanthi in Australia according to mail and field surveys during the 
period 1985-1991. 


Collection and isolation of fungi from Xanthium spp. 

In 1990 and 1991 a total of 164 fungal accessions were isolated from plants showing 
disease symptoms (45 collections) collected from 27 sites in NSW, Queensland, 
Northern Territory and West Australia (Table 1). Six Colletotrichum spp. were isolated 
from the Noogoora burr complex: C. acutatum Simmonds ex Simmonds (DAR63299a), 
C. coccodes (Wallr.) S. J. Hughes (DAR63322), C. dematium (Pers.: Fr.) Grove (type A: 
DAR63299c, type B: DAR67501), C. gloeosporiordes (Penz.) Penz. & Sacc. in Penz. sens. 
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TABLE 1 


Fungi isolated from Xanthium occidentale and Xanthium italicum during the 1990 and 1991 field surveys in 
New South Wales and Queensland, and Northern Territory and Western Australia, respectively 


Isolation frequency fromP 


X. occidentale X. ttalicum Hybrid? 


Preliminary Re-isolation 
Fungus L* S) F L S L S pathogenicity of 
test* fungi' 
Colletotrichum acutatum -v 4 - — 1 = 1 6 5 
DAR63299a" 
C. dematium (type A)” 5 1 — — — — 1 7 7 
DAR63299c 
C. dematium (type B) — 1 — — - = = 1 1 
DAR67501 
C. coccodes — 2 = = =e 2 pes 1 1 
DAR63322 
C. gloeosporioides 5 3 — 1 — — — 9 9 
(type A)” DAR67499 
C. gloeosporioides — 3 — — = = ahs 3 3 
(type B) DAR69289 
C. orbiculare _ 1 = = = = a 1 { 
DAR63302b 
C. truncatum 1 — — — = = = 1 0 
DAR67500 
Glomerella cingulata* 3 1 — — = = = 0 a 
DAR67498 
Phomopsis sp. 1 5 — 3 — = ® 9 5 
DAR69288 
Diaporthe arctit — 1 = eae = Ls me 1 0 
DAR65715 
Alternarta zinniae — 1 — a _ = = 1 BY; 
DAR68414 
Sclerotinia sclerotiorum — — — _ — — 1 0 a 
DAR65690 
Macrophomina phaseolina — 9) = = = gal = 0 we 
DAR69498 
Verticillium dahliae = 1 = = a an ms 0 = 
DAR69497 
Phaeotrichoconis 1 = = = = = a 0 ae 
crotolariae (Salam & 
Rao) Subram. 
DAR67497 
Plectosphaerella — 1 — = = es ee, 1 1 
cucumerts Klebahn? 
DAR65688 
Fusarium spp. 2 12 — 2 2 = 8 0 — 
Pestalotiopsis sp. 2 1 1 = =e mii te 4 4 
other Hyphomycetes 6 9 = 9 2 1 6 20 13 
other Coelomycetes 2 25 1 6 1 — 9 36 7 
yeast-like 3 1 — 1 — — — 0 = 
other Ascomycotina y) 3 = oe mee Ke 1 D) 0 
Total 33 78 2 15 6 1 29 104 57 


P Number of fungal accessions isolated from different collections of diseased plants and belonging to the 
same subdivision, class, genus or species. 

4 Putative hybrid between X. occidentale and X. italicum. 

Organ of plants showing disease symptoms from which the fungi were originally isolated: L=leaf, 

S=stem, F=fruit. 

Number of fungal accessions preliminary tested for pathogenicity on X. occidentale. 
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Number of fungal accessions re-isolated from apparently non-diseased tissue of inoculated X. occidentale 
plants. 

Accession number of fungi located at the Biological and Chemical Research Institute, Rydalmere, NSW, 
Australia. 

Not applicable. 

Two types of C. gloeosporioides sens. lat. and C. dematium with different cultural characteristics were isolated. 
The anamorph (C. gloeosporioides) of the accessions were not observed in artificial culture. 

Inoculated plants were severely diseased and therefore the fungi were not isolated from apparently non- 
diseased tissue. 

Teleomorph of Fusarium tabacinum (Beyma) W. Gams. 


c 


SH gs < 


lat. (type A: DAR67499, type B: DAR69289) (teleomorph: Glomerella cingulata (Stonem. ) 
Spauld. & Schrenk., DAR67498), C. orbiculare (DAR63302b), and C. truncatum (Schw.) 
Andrus & Moore (DAR67500). The species C. acutatum and C. gloeosporioides were the 
only ones recorded on X. italicum and none were recorded on X. cavanillesi. C. acutatum, 
C. dematium and C. orbiculare were found in association with P xanthit on X. occidentale. C. 
dematium and C. acutatum, however, were also isolated from plants growing in rust-free 
sites. It was common to observe salmon-coloured spore masses of Colletotrichum spp. on 
the surface of black swollen stem lesions in the field in Queensland. In most cases, 
teliospores of P xanthit were found inside the swollen part of the stem. These surveys 
indicated that C. gloeosporiozdes sens. lat. was the most prevalent species on Xanthium spp. 
followed by C. dematium and C. acutatum. C. orbiculare was isolated on one occasion in 
Queensland from a Noogoora burr plant growing among a population of Bathurst burr 
infected with the same fungus. The prevalence of Colletotrichum spp. was higher in 
Queensland than in NSW. 

A species of Phomopsis was consistently isolated from small leaf lesions or brown 
elongated stem lesions (Table 1). The teleomorph of one species of Phomopsis isolated 
from Queensland was identified as being closely related to Dzaporthe arcti: (Lasch) 
Nitschke (DAR65715). Soil-borne fungal pathogens including M._ phaseolina 
(DAR69498) and V. dahliae (DAR69497) were isolated from the stems of wilting plants 
(Table 1). Sclerotinia sclerotiorum (DAR65690) was isolated and believed to be responsible 
for severe wilting in a dense mixed hybridizing population of X. occidentale and X. italicum 
in NSW. Several Fusarium spp. were particularly abundant on stems of diseased Xanthium 
plants growing in north-eastern NSW and south-eastern Queensland. Alternaria zinniae 
was found in association with P. xanthit, Colletotrichum spp. and Phomopsis sp. on a stem 
lesion of X. occidentale in Queensland. Other fungi belonging to the Deuteromycotina 
and Ascomycotina were isolated but not identified further because they did not produce 
any disease symptoms during the preliminary screening tests for pathogenicity. 


Preliminary screening tests for pathogenicity 

In preliminary screening tests, the pathogenicity of 63% of fungi isolated from 
plants of the Noogoora burr complex was assessed (‘Table 1). Twelve percent of the fungal 
accessions tested for pathogenicity produced disease symptoms on Noogoora burr 
(Table 2). Fifty-five percent of isolates tested were re-isolated from apparently non- 
diseased plant tissue at four weeks after inoculation. The accession of A. zinniae was the 
most aggressive pathogen on Noogoora burr. Plants inoculated with a spore suspension 
of A. zinniae and exposed to a 24 h dew period at 24°C developed necrotic leaf lesions 
(Table 2). None of the other fungal accessions inoculated onto Noogoora burr plants 
showed such a high level of virulence. Mild symptoms in the form of a few chlorotic 
or necrotic flecks were observed on most plants inoculated with C. acuiatum, C. 
gloeosporioides type B and C. orbiculare at one week after inoculation. Among the 
accessions of Colletotrichum tested, only one of C. acutatum (isolate no. 4) was not re- 
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isolated from diseased plant tissue at four weeks after inoculation (Table 2). Sunken, 
watery stem lesions developed on plants inoculated with two accessions of C. gloeo- 
sporioides type B and Phomopsis sp. two weeks after inoculated plants were transferred to a 
dark controlled environment chamber. 


TABLE 2 


Fungal accessions apart from Puccinia xanthii that produced disease symptoms on inoculated Xanthium occidentale 
plants in preliminary pathogenicity tests and were subsequently extensively tested for pathogenicity 


Preliminary 


pathogenicity 
test Pathogenicity test* 
Presence 
of fungal Re- 
Fungi AR & VC DAR/IMI fruiting _ isolation 
accession accession Disease Disease bodies* _ of fungi” 
no." no." symptoms’ symptoms” (%) (%) 
Colletotrichum acutatum 1 DAR63299a F CF 75 100 
4 F CF 42 100 
9 F CF 92 100 
71 F CF 92 100 
73 F CF 75 100 
74 F CF 67 100 
C. gloeosporioides 8 DAR633217 F — 25 92 
43 DAR69289 S NF 92 100 
183 DAR69499 S = 92 100 
C. orbiculare 50 DAR63302b F NF 67 100 
Alternaria zinniae 76 DAR68414 L L 0 100 
IMI352084 
Phomopsis sp. 61 S — 0 100 
140 S = 0 92 


Results are from pooled experiments 


Accession number of fungi kept at the Agricultural Research & Veterinary Centre, Orange, NSW, 
Australia. 

Accession number of fungi lodged at the Biological & Chemical Research Institute, Rydalmere, NSW, 
Australia (DAR) or at the C.A.B. International Mycological Institute, Surrey, UK (IMI). 

F = flecks observed on leaves at 1 week after inoculation; S = stem lesion observed at 4 weeks after 
inoculation on plants subjected to a dark period for the last 2 weeks before disease assessment; L = 
necrotic lesions observed at 1 week after inoculation. All accessions except C. acutatum accession no. 4 were 
re-isolated from diseased plant tissue at 4 weeks after inoculation. 

Disease symptoms observed on leaves of inoculated plants at 1 week after inoculation:— = no visible 
disease symptoms; CF = numerous chlorotic flecks; NF = few necrotic flecks; L = necrotic leaf lesions. 

Percentage of inoculated plants on which fruiting bodies of the fungi were observed zn sztu on senescent 


stem tissue. 


Y Percentage of inoculated plants from which fungi were re-isolated from the stem. 


Pathogenicity test 


Identified as close to C. destructivum O’Gara based on the character of a few spores being ‘boat shaped’. 


Pathogenicity of the fungi that produced disease symptoms in preliminary 
pathogenicity tests was confirmed in a subsequent extensive experiment (Table 2). All 
accessions of C. acutatum produced numerous chlorotic flecks on leaves of inoculated 
plants in less than one week after inoculation. C. orbiculare and one accession of C. 
gloeosporioides type B only produced few necrotic flecks on leaves. Alternaria zinniae 
produced severe disease symptoms on plants inoculated with a low density suspension of 
spores. No visible disease symptoms were observed at one week after inoculation on 
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plants inoculated with the accessions of Phomopsis sp. and with two of the accessions of C. 
gloeosporioides type B. All accessions except A. zinniae and Phomopsis sp. developed fruiting 
bodies on senescent stems of inoculated plants at the end of the experiment. All fungi 
were re-isolated from senescent tissue. 


DISCUSSION 


Distribution of the Noogoora burr complex in Australia as indicated by the mail 
and field surveys reported in this study differs slightly from that reported by Hocking 
and Liddle (1986). The infestation of X. ztalicum has now expanded in the region north- 
east of the Hunter valley, NSW. Furthermore, a small population of X. cavanillesii 
was discovered during the 1990 field survey on the bank of the Murrumbidgee River, 
where it had not been reported previously. Putative hybrids between X. ztalicum and X. 
occidentale were common in mixed populations of these species in NSW (McMillan, 
1975). The most common habitat for species of the Noogoora burr complex was on river 
and creek banks and flood plains (Martin and Carnahan, 1983). 

The rust, P. xanthi1, was observed to infect all species of the Noogoora burr complex. 
The occurrence of rust on X. cavanillesi reported here is the first record of this biotrophic 
parasite on this species in Australia (J. Walker, personal communication). The 
susceptibility of each Xanthium spp. to infection by PR xanthiz was found to be similar 
under controlled environment conditions (Morin et al., 1993). 

Puccinia xanthi has spreaa considerably since it was first recorded in Australia in 
February 1975 in Queensland (Alcorn, 1975). In a relatively short period following this, 
the rust was reported in NSW at Murwillumbah in April 1975, at Moree in May 1976 
and at Dareton in March 1979 (M. Priest, personal communication). According to the 
surveys presented in this paper, rust was observed in most areas infested with the 
Noogoora burr complex but was not recorded in the small populations of X. occidentale in 
the vicinity of Perth and Fitzroy Crossing, Western Australia and at Alice Springs, 
Northern Territory. In the north of the Northern Territory, spread and annual epidemics 
of rust have been enhanced by several deliberate introductions of infected plant parts at 
the Daly and Victoria River areas (Hocking and Liddle 1986; J. Pitt and I. Miller, 
personal communication). In 1991, however, no rust infections were observed in these 
areas. [The tropical climate of northern Australia, characterized by high temperatures or 
low moisture conditions, may explain why the Xanthium rust was not well established in 
these areas. Puccinia xanthu depends on a relatively specific combination of climatic 
conditions to cause epidemics on Xanthium weeds (Morin et al., 1992). 

Xanthium rust is disseminated by heavy winds and floods as dry leaf fragments 
covered with telia or dead pieces of stem containing internal telia scattered through the 
cortical tissue (Hasan, 1974). Alcorn (1975) indicated that dissemination of Xanthium 
rust by natural means may be slower than that of rusts that produce airborne uredinio- 
spores or teliospores since teliospores of P. xanthi remain attached to the telia during the 
entire life-cycle. The short-lived and fragile basidiospores produced by the teliospores 
are not considered to play an important role in dissemination of the pathogen over large 
areas. Basidiospores of Puccinia recondita Roberge ex Desmaz., for example, may only be 
transported by wind over a distance of about 5 meters (Yamada et al., 1973). 

Hocking and Liddle (1986) commented that rust had not provided significant 
large-scale control of the Noogoora burr complex since its introduction into Australia. 
The severe damage observed on rust-infected plants in Queensland during the field 
surveys suggested that P. xanthi was effective in controlling these. Since the mid 1960’s a 
large reduction in Noogoora burr populations in the eastern high-rainfall regions of 
Queensland has been linked to the presence of rust (Chippendale, 1993). Julien e¢ al. 
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(1979) demonstrated that P. xanthzi affects the fitness of Xanthium weeds by shortening the 
plant life cycle, reducing plant growth rate and seed production. The effect of pathogens 
on the fitness of weedy plants is believed to play an important role in altering the size of 
weed populations, thereby creating new potential niches for other less dominant plant 
species and consequently affecting whole plant communities (Burdon, 1991). The rust 
Puccinia lagenophorae Cooke, for example, has been observed to reduce competitiveness of 
the weed Senecio vulgaris L. with other plant species (Paul and Ayres, 1990). In Australia, 
the reduction of competitiveness of form A of the weed Chondrilla juncea L. in response to 
infection by the rust Puccinia chondrillina Bubak & Syd. (race A) had a considerable 
impact on the distribution and abundance of rust resistant forms B and C of the weed 
(Burdon et al., 1981). 

The introduction of Xanthium rust as a classical biological control agent to new 
areas infested with the Noogoora burr complex or to assist existing inoculum of P. xanthiz 
in areas where its effectiveness is frequently reduced by unfavorable environmental 
conditions should be considered so as to impose selective pressure on the weed 
populations. Agronomists, however, should be aware that some cultivars of sunflower 
are slightly susceptible to P. xanthu (Alcorn, 1976; Kochman, 1980; Morin et al., 1993). 

The inundative approach, characterized by application of a mycoherbicide, 
is another potential biological control strategy for the Noogoora burr complex. 
Deuteromycete fungi have been emphasized in mycoherbicide research because they are 
readily grown on artificial media. The ideal fungal candidate to be developed as a 
mycoherbicide should sporulate on artificial media, demonstrate a restricted host range 
and be highly virulent (Templeton et a/., 1979). These characteristics were considered 
when selecting the fungal accessions obtained from the field surveys for preliminary 
pathogenicity testing. 

The soil-borne wilt-inducing fungi S. sclerotiorum, M. phaseolina, V. dahliae and 
Fusarium spp. were not tested for pathogenicity on Xanthium spp. since their high 
virulence on a wide range of plant species limits their potential as mycoherbicides. 
Sands et al. (1990), however, suggested the possibility of using genetically trans- 
formed fungi such as S. sclerotiorum, which have lost the ability to sporulate, are auxo- 
trophic or have a reduced host range, as mycoherbicides for broad-leaf weeds. Non- 
phytopathogenic soil-borne fungi that produce phytotoxic metabolites which stunt or 
kill weeds are also investigated as potential mycoherbicides (Jones et al., 1988). 

The accession of A. zinniae produced necrotic leaf and stem lesions when its spores 
were sprayed onto X. occidentale and was the most aggressive pathogen apart from P 
xanthi. The potential of A. zznnzae to control the Xanthium weeds has been demonstrated 
by Nehl (1990) but the host range of some accessions of the fungus, which extends to 
several other plant species, may limit its scope as a mycoherbicide in the field (Auld é¢ al., 
1992). Auld et al. (1992) emphasized that more field collections of the fungus may 
provide isolates with a restricted host range since the fungus appeared to be variable. 

Several of the fungi isolated from diseased Xanthium spp. during the 1990 and 1991 
surveys have previously been reported to occur on these weeds. Plants of the Noogoora 
burr complex are known to be highly susceptible or symptomless-carriers of various 
fungal pathogens including Sclerotinia spp. (Adams et al., 1983; Phillips, 1992), Vertecillium 
sp. (Evans, 1968; McKeen and Thorpe, 1973), Fusarium spp. (Helbig and Carroll, 1984), 
Diaporthe spp. (Phomopsis spp.) (Carriére and Petrov, 1990; Nikandrow et al., 1990) and 
Colletotrichum spp. (Roy, 1982; Hartman et al., 1986; Nikandrow et al., 1990; Walker et al., 
1991): 

The re-isolation from apparently non-diseased tissue of 54% of the fungal 
accessions tested in preliminary pathogenicity tests suggests that the Xanthium spp. may 
be clinically symptomless carriers of pathogenic fungi or favour growth of neutral 
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endophytic or epiphytic fungi. A large number of fungi are known to live either 
epiphytically or endophytically on or in crop plants (Fisher et al., 1992). 

Several species of Colletotrichum and a species of Phomopsis were isolated from the 
Xanthium weeds during this study. The inability of these fungi to cause severe disease 
symptoms on actively growing Noogoora burr plants and their re-isolation from lesions 
that developed on senescing plants or from apparently non-diseased tissue suggests that 
latent colonization of the plants may occur. Muirhead (1981) indicated that some fungi 
can undergo a period of latency on plants as inactive hyphae within host tissue or as 
dormant appressoria. Colletotrichum and Phomopsis spp. are known to colonize various 
host plants early in the season and not to produce symptoms until senescence 
(Cerkauskas, 1988). It is therefore possible that Xanthium weeds in Australia are a 
source of inoculum of pathogenic fungi of economic crop plants as has been shown in 
Yugoslavia (Carriere and Petrov, 1990), the United States (Roy, 1982; Hartman et al., 
1986) and, to a lesser extent already in Australia (Evans, 1968). Host-range testing is 
necessary to examine this hypothesis further. The small chlorotic or necrotic flecks 
that developed on the Noogoora burr plants inoculated with spore suspensions of C. 
acutatum, C. gloeosporioides type B or C. orbiculare may have been the result of a hyper- 
sensitive reaction in the host in response to initial penetration by the pathogen 
(Tomiyama et al., 1982). 

Julien et al. (1979) noticed the occurrence of a species of Colletotrichum on rust 
infected Xanthium plants in the field but did not report the species involved nor did they 
investigate the phenomenon. In their study of Colletotrichum spp. found on Xanthium 
spp., Walker et al. (1990) reported that C. acutatum and C. dematium were generally 
accompanied by the rust P xanthi. The close association between these parasites was 
observed in the specimens collected during the surveys reported here. In addition, C. 
orbiculare, which had only been reported to occur on X. spinosum and X. italicum 
(Nikandrow et al., 1990), was also isolated from X. occidentale plants infected with rust. 
The association of Xanthium rust with Colletotrichum spp. as well as with other fungi 
isolated from plants of the Noogoora burr complex should be further investigated in an 
attempt to identify any possible synergistic interactions between the species in terms of 
the disease symptoms they produce. Such synergism has been reported between Puccinia 
lagenophorae and Botrytis cinerea Pers. on the weed Senecio vulgaris (Hallett et al., 1990). 

The range of pathogens and invertebrate herbivores attacking plants and the 
possible synergy between them is too often overlooked in weed biological control studies. 
Ramsell and Paul (1990), for instance observed that grazing by several species of mollusc 
increased on plants infected by rust fungi. The combined action of P xanthi with 
secondary plant pathogens and the introduced gall-forming moth, Epzblema strenuana 
Walker (Lep: Gelechiidae) appeared to provide acceptable control of Noogoora burr in 
south-east Queensland during the summer of 1990. However, the usual humid and 
warm conditions characteristic of this region do not prevail in much of the area infested 
with Xanthium weeds. 

In general, Xanthium spp. belonging to the Noogoora burr complex demonstrated a 
high level of resistance to most fungal diseases. The rust parasite PR xanthu, which 
successfully infected plants, is not a suitable candidate to be developed as a myco- 
herbicide because of its biotrophic nature. In contrast, A. zimniae may have great 
potential as a mycoherbicide if another highly pathogenic isolate with a restricted host 
range is found. Additional research should be undertaken to investigate the mechanisms 
involved in infection of Noogoora burr by these two pathogens. A good understanding of 
these host-pathogen relationships may lead to the development of mycoherbicides for 
the control of the Noogoora burr complex. 
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CorHer, E. J., & GILBERT, R. L. The endophytic mycoflora of bladder saltbush 
(Atriplex vesicaria Hew. ex Benth) and its possible role in the plants periodic decline. 
Proc Linn Soc N.S.W. 114 (3): 149-170 (1994). 


Periodic widespread death of bladder saltbush has been described in eastern 
Australia but not observed in similar communities west of the Eyre Peninsula. The 
dominant fungal flora of internal root and shoot tissues of bladder saltbush was assessed 
in 270 plants sampled from 35 sites in six chenopod communities across southern 
Australia. Seventy one species from 40 genera were isolated, of which Fusarzum equisetz, 
F. lateritium, F nygamai and F. oxysporum were the most frequent. F nygamai and F- 
oxysporum were more common in roots from the eastern communities but there was no 
particular trend across regions in the relative frequency of fungal species from stems. 
There was no apparent relationship between subjective assessment of plant vigour and 
presence of these fungi. These fusaria could be re-isolated from plants inoculated in 
pathogenicity tests, although ‘dieback’ symptoms were not produced. 

The majority of fungi isolated have not previously been recorded in association 
with A. veszcarza and this is the first published record of Alternaria chlamydospora, Libertella 
spp., Phoma variospora and Sporormiella intermedia in Australia. Several other known plant 
pathogenic genera (Ascochyta, Contothyrium, Phomopsis, Pleospora) were represented in the 
endophytic mycoflora but there was no direct evidence that ‘dieback’ could be attributed 
to any single species. It is argued, however, that dieback may be a consequence of more 
extensive tissue invasion within plants by the internal microflora when plant vigour and 
host defence mechanisms are impaired by stress. 


E. J. Cother and R. L. Gilbert, NSW Agriculture, Agricultural Research and Veterinary Centre, 
Forest Road, Orange, NSW 2800, Australia; manuscript received, accepted 22 September 1993. 


KEY WORDS: Fusarium, plant pathogens. 


INTRODUCTION 


In the late 1970’s and early 1980's stands of perennial bladder saltbush (Atriplex 
vesicaria Hew. ex Benth.) on the Riverine Plain in south-western New South Wales were 
widely affected by a disorder, of unknown aetiology, called saltbush dieback (Clift e¢ al., 
1987). Symptoms varied from a progressive dieback of one or more branches of a bush to 
sudden death of individual bushes or clumps of bushes. Occasionally one stem of an 
otherwise healthy bush wilted with slight loss of colour in the leaves. Usually affected 
bushes shed leaves, but if they were retained, they turned sandy/olive in colour. During 
1977-83, graziers frequently described this phenomenon beginning as scattered patches 
of dieback which expanded on a slowly advancing front (Clift e¢ a/., 1987). Sometimes, 
however, it advanced rapidly across entire properties in a matter of weeks. During this 
period the area of bladder saltbush in western NSW declined by 53% (Clift et al., 1987; 
Semple, 1989). 

Dieback was not restricted entirely to bladder saltbush stands. Bluebush (Mazreana 
pyramidata (Benth.) P. G. Wilson), cotton bush (Maireana spp.) and Old Man Saltbush 
(Atriplex nummularia Lindl.) stands were also affected to some degree. Bladder saltbush 
decline was most noticeable compared with that of other species because of the plants 
importance to graziers over extensive areas and the severity of dieback within this plant 
community. 
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Fig. 1. Location of sampling sites within Atriplex vesicaria communities in southern Australia. 
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Perennial bladder saltbush is an important component of rangelands in the 
Western Division of NSW. The main value of saltbush is as a reserve fodder during dry 
periods when it contributes the bulk of stock diet in the hot dry summer (Leigh and 
Wilson, 1970). The loss of shrub through heavy grazing or other cause can substantially 
reduce carrying capacity (Wilson é al., 1982). The resultant change in species 
dominance following drought increases the vulnerability of all remaining species to 
grazing (Charley, 1959) and the soil to erosion. A. vesicaria is one of the most important 
species in maintaining the stability of pastoral and natural ecosystems (Wilson and 
Graetz, 1979). 

There are few records of widespread death of saltbush, but several early reports of 
‘dieback’ associate it with insect activity (Semple, 1989). Graetz and Wilson (1984) 
noted, without comment, dieback in the absence of insects, while other observers have 
attributed the degraded nature of bladder saltbush communities to overgrazing and/or 
drought (Beadle, 1948; Leigh and Mulham, 1971). Other reports merely note a decline 
in saltbush density (e.g. Stanley, 1983). An investigation by Napier (1983) of dieback, 
in the absence of insects, of A. undulata and A. rhagodioides on degraded soils in W.A. 
found no conclusive evidence that plant pathogens were responsible. Although this 
phenomenon is mostly documented for the Riverine Plain of NSW, all saltbush stands 
as far west as the eastern edge of the Eyre Peninsula, South Australia, were affected to 
some extent during 1977-1983. 

During 1985 to 1987, there were no new reports of widespread dieback. Stands of 
bladder saltbush were mostly classified as either dead or regenerating (Clift et al., 1989). 
Bushes displaying ‘classic’ dieback symptoms occurred singly or as localized patches 
in otherwise healthy saltbush communities. Symptoms were the same as reported by 
landholders during the widespread dieback years which were described as leaf wilt 
rapidly followed by abscission. Although wilting can be readily evident on saltbushes, it 
is the rapid abscission of the leaf which distinguishes ‘classic dieback from death due to 
other causes (e.g. drought). 

One noticeable symptom of dieback was sudden death of branches on otherwise 
healthy plants or sudden death of the entire plant. Specimens examined at the Biological 
and Chemical Research Institute, Rydalmere from 1980 to 1983 yielded several known 
plant pathogens (Ascochyta caulina, Fusarium acuminatum, F- lateritium, Hendersonia sp: 
(NSW Agriculture, Rydalmere Herbarium (DAR); unpublished) from necrotic tissue 
at the crowns of plants and from discoloured root tissue. This association, together with 
observations by the authors in 1983 of wilt symptoms in ungrazed bushes near Hay, 
suggested that plant pathogenic fungi may be associated with dieback. A detailed study 
was thus undertaken to isolate the fungi which may be involved in this phenomenon. 
This paper describes the dominant fungal flora associated with internal tissues of 
bladder saltbush in eastern Australia where dieback occurred, and in western regions 
where it has not been recorded. Other possible causes of saltbush dieback have been 
discussed by Cother et al. (1988) and Clift (1989). 


METHODS 

Sampling 

Bushes, identified as in decline, were sampled at random from 24 locations in 
NSW and eastern South Australia in 1985 and 1986 (Table 1, Fig. 1). Where possible 
apparently healthy bushes were also collected. Plants were also sampled at “Tin Tin’ 
Station, west of Oxley NSW, (site 10) in September 1985 and again in March 1986 to 
provide a comparison between bushes in spring and autumn. Bushes were classified 
prior to sampling, on the basis of foliage condition, as (a) healthy: green foliage with no 
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dead stems; (b) regenerating: some dead stems, regrowth of secondary cambium 
evident and greater than one third of bush possessing green leaves; (c) ‘dead’: few, 
usually bleached, leaves present, stems mostly dead but some green tissue evident when 
lower stems were cut. Entire bushes were sampled together with the root system 
occupying ca. 0.015m° of soil beneath the plant. 


Site 


OONODUBWNH SE 


TABLE 1 


Location of bladder saltbush communities sampled between July 1985 and October 1986 


Geographic regions are based on the approximate boundaries of chenopod communities in Australia defined by 


Graetz and Howes (1979). 
Geographic 

Location region Sampling date 
Mutherumbung Station, NNW of Booligal 7/85 
Yamba Station, NW of Booligal 7/85 
Freshwater Station, NW of Booligal 7/85 
One Tree 7/85 
Blacks Swamp 7/85 
Caroonboon 7/85 
Windouran Station, S of Maude 9/85 
Everslie Station, S of Maude 9/85 
Tchelery Soil Conservation Exclosure 9/85 
Tin Tin Station, West of Oxley 9/85, 3/86 
Kitcho Station, E of Hatfield 8/85, 5/86 
Tupra Station, Oxley 9/85 
75 km N of Wilcannia 9/85 
37 km and 57 km W White Cliffs on Kayrunnera Road 9/85 
Tibooburra 2 9/85 
147 km S of Tibooburra on Broken Hill Road 9/85 
30 km N of Broken Hill on Tibooburra Road 9/85 
Bindy, adjacent Koonamoora Flora Reserve 9/85 
20 km N of Port Pirie 9/85 
2 km W of Whyalla 9/85 
Bookaloo 3 9/85 
30 km S of Parachilna 9/85 
10 km E of Copley 9/85 
Wirrealpa 9/85 
Nullabor Plain 228 km E of Eucla 10/86 
2km S of Eucla 4 10/86 
3km E of Madura 10/86 
10 km E of Balladonia 10/86 
8 km N of Widgiemooltha 10/86 
35 km S of Menzies 5 10/86 
20km S of Cue 10/86 
Lake Annean 10/86 
150 km S of Carnarvon 10/86 
30 km S of Carnarvon 6 10/86 
20 km N of Carnarvon 10/86 


Although this study was conducted in saltbush stands during the post-dieback 
regenerative phase in 1985-1987, the absence of extensive stands of vigorous ‘healthy 


b) 


saltbush on the Riverine Plain made comparison of the endophytic fungal microflora 
of ‘healthy’ and ‘diseased’ bushes uncertain. To provide a reference point for fungi 
associated with healthy saltbush communities not known to have ever exhibited decline 
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symptoms, 154 vigorous plants were sampled from 11 sites in Western Australia and 
western South Australia in October 1986 (Table 1, Fig. 1). 

In September 1985, dead pigface (Disphyma clavellatum (Haw.) R. J. Chinnock), at 
“Tin Tin’ Station, was observed within an area of 10-25 cm surrounding the stems of 
declining saltbush. Tissue from the apparent margin between the healthy and necrotic 
areas of the prostrate stems of 5 pigface plants was sampled. 

In addition to the bladder saltbush sampled from Kitcho Station (site 11) in May, 
1986, single plants of annual saltbush (A. muelleri Benth. ), glasswort (Pachycornia sp.), and 
pale poverty bush (Bassza divaricata (R.Br.) F. Muell.) were also sampled to compare their 
internal mycoflora. 

In June 1986, an isolated patch of bladder saltbush with ‘dieback’ symptoms was 
observed at Tupra Station (site 12, Fig. 1). Plants at the centre of the patch had bleached 
leaves and showed no signs of regrowth that was evident in surrounding bush as a result 
of recent rain. There was a gradient of regrowth in plants radiating outwards from 
the centre of this patch. Two plants were sampled from this ‘dead’ area and, on a radial 
transect, at 10, 20, 35 and 60 m from the centre. At 10 m, regrowth was occurring from 
axillary buds and general plant vigour increased at each sampling location until at 60 m 
bushes were healthy and there was no apparent sign of the plants having been stressed. 


Tsolations 

Bushes were dissected on the day of collection or within 30 hours of sampling. 
Pieces of tissue, 5 to 10 mm long, were removed from the roots and/or from stems up to 
12 cm above ground level. Older bushes with considerable secondary growth were cut 
transversely with a carpenters jigsaw. External tissue was removed to a depth of at least 1 
mm with a scalpel blade to exclude epiphytic colonizers and, depending on the thickness 
of the section, surface sterilised in hypochlorite solution (1% available chlorine) for 40 to 
180 secs. Sections were then rinsed in sterile distilled water, split longitudinally and 
plated on potato carrot agar. Plates were incubated in the dark at 25°C until fungal 
growth was observed. Colonies were examined microscopically and subcultures were 
made of representives of all fungal species present. Subcultures of slow growing fungi 
were made up to 38 days after isolations commenced. 

Cultures were grown on potato dextrose (PDA) and carnation leaf (CLA) agars 
(Burgess eé al., 1988a) in the presence of near-UV light to induce sporulation. All 
Fusarium cultures were grown from single spores according to the method of Burgess et al. 
(1988a). Phoma spp. were grown on oat and malt agars under the conditions described 
by Sutton (1980). Isolation data were compared using a log linear model assuming a 
Poisson distribution. Marginal effects of region and fungus were removed and the zone 
by fungi interaction tested. 


Pathogenicity testing 

(1) Production of saltbush seedlings. Inflorescences collected from bushes growing 
near Hay, NSW were dried and the bracts removed by hand. Seeds were placed on moist 
cotton wool at 25°C and at the first sign of germination were planted into pasteurised 
soil. Soil was from the surface ‘A horizon of duplex soils near Hay, sieved and steam/air 
treated at 60°C for 30 minutes. Seedlings were grown at 25/20°C day/night in 
temperature-controlled glasshouses. 

(ii) Inoculum. The experiments were conducted in October 1985. The species 
chosen (Phomopsis sp., Libertella sp. and Fusarium laterittum, Table 7) were those most 
frequently isolated from field specimens at the time. Vermiculite cultures of the fungi 
were prepared as follows. Vermiculite (20 g) was moistened with malt extract (60 ml of 
3% solution of Oxoid Malt Extract), autoclaved in Erlenmeyer flasks and inoculated 


PROC. LINN. SOC. N.S.W., 114 (3), 1994 


154 ENDOPHYTIC MYCOFLORA OF BLADDER SALTBUSH 


with a 1 cm diameter agar plug cut from the periphery of a 7 day old culture growing on 
the appropriate medium. Flasks were incubated at 25°C for 14 days and shaken daily to 
distribute hyphal clumps. 

(iii) Inoculation. A layer of vermiculite culture ca 1 cm deep was placed 2 cm below 
the soil surface in 9 cm plastic pots. A one-month old saltbush seedling was transplanted 
into each pot after adhering soil had been washed from its roots. Twenty seedlings were 
planted intact and another 20 after the distal half of their root system was removed with 
sterile scissors. Control treatments consisted of an equal number of seedlings treated as 
above but without vermiculite inoculum. The plants were grown in a temperature- 
controlled glasshouse at 25/20°C for 5 months and were watered on an alternating 3 and 
4 day cycle with an equal volume of water. The alternating 4 day cycle was designed to 
impose moderate and repeated moisture stress to the plants. A second experiment was 
conducted using Fusarium equiseti (2 isolates), F. nygamai and F. oxysporum in January 1986 
and grown for 7 months. ‘Treatments were separated by perspex screens to prevent cross- 
contamination. Plants were not watered during the final 10 days of either experiment to 
impose an additional stress. 

(iv) Examination. Five plants from every treatment were selected at random and 
soil was washed from the roots. The plant was sectioned below ground level into two 7.5 
mm lengths; segment one, 7.5-15 mm below ground level, and segment 2, ground level 
to 7.5 mm deep. The stem was sectioned into three 10 mm lengths:- segment 3, 10-20 
mm; segment 4, 30-40 mm; and segment 5, 50-60 mm above ground level respectively. 
Each segment was surface-sterilised, 2 mm was discarded from each end, and the 
remaining 6 mm segment was dissected longitudinally. Each piece was plated on PDA as 
described above for field isolations. The above ground portion of the remaining 30 
plants was weighed and dried to constant weight at 60°C. 


RESULTS 


Isolations 

Seventy one fungal species in 40 identifiable genera were isolated from internal 
root and stem tissue of bladder salt bush sampled from the six geographic regions across 
southern Australia which correspond approximately to the chenopod communities 
defined by Graetz and Howes (1979). All fungi isolated are listed in Table 2 and 
herbarium accession numbers for representative isolates are listed in Table 3. 

‘The saltbush communities sampled can be divided into eastern ‘dieback’ regions, 1 
to 3, and western ‘healthy’ regions, 4 to 6 (Table 1). Eight of the 25 genera (Chaetophoma, 
Coniosporium, Gilmaniella, Harknessia, Illosporium, Melanospora, Phomopsis and Sordaria) 
isolated from the 116 roots and 30 stems sampled from regions 1 to 3 were not found in 
regions 4 to 6, whereas 15 of the 32 genera isolated from the three western regions were 
not detected in bushes from the eastern communities. However, except for Phomopsis, 
these seven genera were infrequently isolated in regions 1 to 3 and in most cases the 
listing in ‘Table 2 represents an isolation from only one or two stems or roots. Moreover 
they are not recognised pathogens of woody perennials. 

Fusarium species were the most frequently isolated fungi. With the exception of 
Fusarium lateritium, all the most frequently isolated fusaria were root inhabiting. F 
nygamat, F. oxysporum and F. equiseti were the most frequently isolated species from roots 
and F. nygamai and F. oxysporum were generally more common in plants from regions 1 to 
3. The frequency of the microconidial Fusarium species are compared in Fig 2. The 
unidentified fusaria from W.A. (Table 2) may represent three undescribed species. 

Fusarium lateritium sensu Snyder and Hansen (Burgess e¢ al. 1988a) was the only Fusar- 
zum species consistently isolated from stems and was recorded from 50% of all stems 
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sampled. All the eastern isolates from regions 1 to 3 fit the description of F lateritiewm 
Nees ex Link var. longum Wollenw. whereas 62% of the isolates from western regions 4 to 
6 closely resemble F. stilbovdes Wollenw. var stilboides (Gerlach and Nirenberg 1982), 
differing from the former in the production of a dark purple pigment. F lateritium 
reportedly causes dieback and twig canker in a range of woody hosts (Domsch ¢¢ al. 
1980) and F. stalbovdes causes bark and fruit diseases chiefly on citrus and coffee (Gerlach 
and Nirenberg 1982). 


TABLE 3 


Predicted isolation frequency of the most common fungi from saltbush roots 
in the eastern (dieback) and western (healthy) regions 


Fungus Regions 1-3 Regions 4-6 
F. compactum 10.2 + 2.2 11.5+2 

F. lateritium 7.4419 2.8+0.9 
F. nygamat 23.5 + 3.4 10.54 1.9 
F. oxysporum 11.1423 4641.2 
F. redolens 1440.8 4641.2 
F. subglutinans 0) 4041.1 
Other fusaria 4.2+1.4 40+1.1 
Libertella sp. A 8.8 + 2.0 4041.1 
Phoma variospora e745 sella 4.6+1.2 
Aschochyta 4641.5 6.5+1.5 


Camarosporium, Coniothyrium, 
Libertella B,C, Phoma 
prunicola, Sporormiella 


Although F. laterittum in the wider sense has been recorded in temperate as well as 
tropical regions, F laterittum var. longum and F. stilboides are exclusively tropical and 
subtropical in distribution (Gerlach and Nirenburg 1982). In this study, the highest 
incidence of the species was in the subtropics at region 6. Ninety five percent of plants 
from region 6 yielded F lateritium and 85% of these were of the type classed as F. stilbozdes 
(Fig. 3). Occasionally isolates lost the ability to produce the dark pigment rendering 
them indistinguishable from F lateritium var. longum. For this reason the taxon F 
lateritium sensu Snyder and Hansen is preferred. The perfect state of this species was not 
observed and attempts at ‘mating’ 15 representative isolates with each of four spermatiz- 
ing cultures following the methods of Lawrence et al. (1985) were unsuccessful. 

Although stems were not sampled in regions 2 and 3, there is no obvious trend in 
the incidence of F. lateritium between the eastern dieback, and healthy western, 
communities. 

There was no significant difference between the presence of fungi in stems in either 
the eastern or western regions. There was, however, a significant difference (x? =45.27, 
9 df. p <0.001) between the isolation frequency of fungi present in roots from the 
eastern ‘dieback’ zone and the western ‘healthy’ zone. Analysis of data in ‘Table 2 
predicted significantly greater occurrence of F lateritium, F- nygamai, F. oxysporum and 
Libertella spp. A. in the eastern zone (Table 3) and greater frequency of F. redolens and F. 
subglutinans in the western zone. 

There was no particular association between fungi and stems. Phoma prunicola was 
more frequent in the healthy western communities and was not isolated from plants in 
regions | to 3 (Table 2). PR. variospora was isolated from all areas except region 2. This may 
be due to a more favourable micro environment within stems or merely a reflection of 
differences in species distribution. Camarosporium was more prevalent in bushes from the 
Hay Plain where most stems sampled were less vigorous or dead (associated with 43% of 
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stems), than in region 5 (27%) where plants showed no obvious symptoms. The 
Camarosporium isolates appear to represent a single species which does not fit any 
published descriptions of Camarosporium species found on Atriplex (M. Priest, 
Herb.DAR, pers. comm.) 


‘TABLE 4 


Herbarium accession numbers of representative isolates of fungi isolated from internal root and stem tissue of bladder saltbush. 

* Isolates are deposited in the Australian Collection of Plant Pathogenic Fungi and Bacteria (Herb. DAR) at BCRI, 

Rydalmere 2116, NSW; ** see text; *** Lyophylised cultures deposited in Plant Pathology Culture Collection, AR&VC, 
Orange 2800, NSW 


Region 
Fungi deposited 1 2 3 4 5) 6 
Deuteromycotina 
Hyphomycetes 
Alternaria alternata DAR*68334 68349 
Alternaria chlamydospora 68335 68346 
Fusarium chlamydosporum 68343 
Fusarium equiseti 56175 68340 
Fusarium lateritium 68338 68348 68339,68342 
Fusarium nygamat 55812 55814 55741b 68344 
Fusarium oxysporum 55813 56174 68355 68351 
Fusarium redolens 68359,68366 
Fusarium scirpt 68363 68350 
Fusarium spp. undetermined 68360-68362 68352,68353 68341 
Coelomycetes 
Ascochyta caulina 56228c 68357 
Camarosporium sp. 56227a,56223 68331 68354 
Coniothyrium sp. 56227b 68358 
Hlarknessia sp. 56233a 
Libertella species A** 55738,55739 55742 to 68368 
55749 ,55750 55748 

Libertella species B** 68332 ,68337 
Phoma prunicola 68367 68345 
Phoma variospora 56236b, 68333 68364 
Phomopsis species 1** 56228a 
Phomopsis species 2** 1A OF 

250* ** 
Phomopsis species 3** 61*** 
Undetermined genus 68356 
Ascomycotina 
Pleospora sp. 68336 
Sordaria sp. 56236a 
Sporormiella intermedia 68365 


The unidentified Phomopsis species (Table 2) were divided into three groups based 
on conidial morphology: — group 1, conidia creamy yellow in mass, @ conidia 7-8 x 2.5 
pm mostly pointed at one end, £ conidia absent; group 2, conidia white to cream in 
mass, @ conidia 5-7 x 2.5-3 wm, more ellipsoid than group 1,6 conidia absent; group 3, 
conidia white to pale cream in mass, @ conidia up to 15 x 2-3 wm, occasionally truncate, 
6 conidia 19-24 x 1-1.5 wm. The Libertella spp. were similarly grouped:— group A, 
conidia 20-40 pm x 1 um; group B, 15-17 wm x 1-1.5 wm; group CG, 10-12 wm x 2 pm. 

A wider range of fungi was isolated at “Tin Tin’ Station from healthy bushes in 
autumn than in spring (Table 5), which may reflect the more stressed nature of the 
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bushes after a hot dry summer. Regenerating bushes were colonized by the largest 
number of species. Fusartum species were again the most frequently isolated fungi. 
Except for single isolations of F’ avenaceum and F. graminearum, the Fusarium species were 
common to all plant categories. Species of Acremonium, Chaetophoma, Coniosporium, 
Cytospora, Harknessia, Melanospora, Phomopsis, Pleospora, Sordaria, Trichoderma and F 
avenaceum and F. graminearum, were not isolated from ‘healthy’ bushes but the relative 
frequency of isolation of these fungi was low and in most cases their occurrence in ‘dead’ 
and regenerating bushes was limited to single isolations. 


‘TABLE 5 


The association of plant vigour with the relative frequency of isolation of fungi from internal tissue of bladder 
saltbush sampled on two occasions from Tin, Tin, NSW 


* number of samples from which the fungus was isolated. 


Date sampled 3/9/85 18/3/86 

Plant vigour Healthy Regenerating Healthy Regenerating Dead 

No. of samples 2 0 9 4 4 3 3 3 4 3 
Root Stem Root Stem Root Stem Root Stem Root Stem 


Deuteromycotina 

Hyphomycetes 

Acremonium sp. il 

Alternaria alternata 1 1 

Aspergillus fumigatus 1 

Aspergillus sp. 1 

Coniosporium sp. 1 

Fusarium avenaceum 1 

F. equiseti 5 3 3 1 2 2 1 
F. graminearum 1 
F. lateritium 1 1 
F. nygamai 1 

F. oxysporum 1 5 

F. scirpt 

Gilmaniella humicola 1 

Trichoderma sp. 2 2 


RP eee 
CO ee 
Nw & PO 


Coelomycetes 

Ascochyta caulina 1 
Camarosporium sp. 3 
Chaetophoma sp. 1 
Contothyrium sp. 2 1 
Cytospora sp. 

Harknessia sp. 1 
Libertella sp. A 1 2 1 1 
Libertella sp. B 1 

Phoma vartospora 1 1 2 1 1 1 
Phoma sp. 1 

Phomopsis sp. 1 1 

Phomopsis sp. 3 2 1 


Pyrenochaeta terrestris 1 1 1 


NON re ND HN 


Ascomycotina 

Melanospora sp. 1 
Pleospora sp. 1 1 
Sordaria sp. 1 
Undetermined genus 1 


All species obtained from pigface, annual saltbush, glasswort and poverty bush 
plants, with the exception of Drechslera australiensis (Bugnicourt) Subram. & Jain ex M. B. 
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Ellis, were also components of the fungal flora from saltbush (Table 2). Fusarium 
oxysporum was recovered from root tissue. The undetermined genus of coelomycetes 
isolated from plants in region 4 appears to be the same as that isolated from poverty 
bush in region 1. 


TABLE 6 


Comparison of internal mycoflora of bladder saltbush on a 60 metre transect across dead’ and 
healthy’ bushes at Tupra Station, NSW 


* the number of sampled bushes (2 per sample point) from which the fungus was isolated. 


Root Stem 


Sample point (m) 0 10 20 35 60 0 10 20 35 60 


Deuteromycotina 

Hyphomycetes 

Alternaria alternata 1 
Fusarium equiseti 2 2 1 2 

Fusarium lateritium 1 2 2 2 2, 2 
Fusarium nygamati 1 2 2 2 

Fusarium oxysporum 1 2 2 2 

Fusarium scirpt 1 1 

Illosporium sp. 1 

Papulospora sp. 2 i 2 

Trichoderma sp. 1 


Coelomycetes 

Ascochyta caulina 

Camarosporium sp. 1 
Coniothyrium sp. 1 
Libertella sp. 1 
Phoma sp. 

Pyrenochaeta terrestris 2 


Bee OH 
a 


Ascomycotina 


Sordaria sp. 1 


The fungi associated with ‘dead’ and regenerating plants at Tupra Station are 
shown in ‘Table 6. Fusarzum equiseti, F. scirpt, and species of Papulospora, Pyrenochaeta and 
Sordaria were the only fungi limited to less vigorous bushes. F. equiseti was isolated from 
both stem and root tissue of plants showing the least regeneration. F. lateritium was found 
in the stems of all plants. F’ nygamai was associated with all plants except those from the 
start of the transect and FE oxysporum was isolated from both vigorous and unregenerat- 
ing plants. A known pathogen (Ascochyta caulina), and two suspected pathogens of 
Atriplex, Camarosporium and Coniothyrium spp. were associated with stem tissue of the 
more vigorous ‘healthy’ plants (Table 6). With the exception of one plant with Camaro- 
sportum species, these fungi were not isolated from plants at the two sample points closest 
to the centre of the ‘dieback’ patch. Their presence on agar plates, however, may have 
been masked by the faster growing F equisetz. Alternatively this may be an example of 
mutual exclusion of some fungal species within host tissue (Fisher and Petrini, 1992) ora 
succession of endophytes (Carroll et al., 1977). 


Pathogenicity tests 

Premature chlorosis of the basal leaves appeared within 7 to 10 days of transplant- 
ing, in many plants in all treatments, but particularly in those inoculated with Libertella 
or Phomopsis spp. These leaves were shed over the following 3 weeks. Plants inoculated 
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with F equisets (isolate 59), F oxysporum or Libertella sp. grew noticeably larger and were 
significantly heavier and taller than the controls (Table 8). Except for the post- 
transplanting shock from which all treatments recovered, no obvious stress symptoms 
developed during the experiments until moisture stress was applied 10 days before 
sampling. This stress most affected the untreated controls; leaves on most plants became 
bleached and appeared to die. (‘Table 7). 


TABLE 8 
Mean fresh and dry weights of bladder saltbush plants, inoculated for pathogenicity testing, after 5 and 7 months 


Mean fresh Mean dry 
Inoculum weight (g) S.e. weight (g) S.€. 
; Experiment A — 5 months growth 
Phomopsis sp. (type 3) 0.926 0.232 0.676 0.239 
Libertella sp. (type A) 2.002 0.740 1.220 0.209 
Fusarium lateritium 1.648 0.656 1.197 0.288 
Control 1.481 0.522 1.010 0.279 
Experiment B — 7 months growth 
F. equiseti (isolate 59) 3.220 0.842 1.717 0.355 
F. equiseti (isolate 79) 2.871 0.559 1.441 0.272 
F. nygamai 2.683 0.687 1.468 0.205 
F. oxysporum 3.444 0.515 1.847 0.211 
Control 2.335 0.878 1.419 0.289 


As there was no apparent effect from root pruning, the reisolation frequency of 
fungi is combined for both treatments in Table 7. Phomopsis and Libertella spp. were not 
reisolated from any plant. The Fusarium spp. were always reisolated from tissue at/or 
below ground level and had invaded the stems or progressed acropetally more 
frequently in plants which were dead when sampled. There was no significant difference 
between plant condition (dead or alive when sampled) and the segment from which 
fungi were reisolated, but there was a significant segment by inoculum interaction 
(x? = 31.39, p <0.01). 


DISCUSSION 


Isolations 

A diverse range of fungi, including many known plant pathogens, was found 
associated with internal shoot and root tissue of bladder saltbush and other species. 
With the exception of 5 species (Ascochyta caulina, Aureobasidium pullulans, Camarosporium 
sp., Coniothyrium sp. and Pleospora sp.) no fungus listed in Table 2 has previously been 
recorded on A. vesicaria. In addition this is the first record of Alternaria chlamydospora, 
Libertella spp., Phoma variospora, and Sporormiella intermedia in Australia. 

The greater number of genera isolated from regions 4 to 6 (Table 2) may simply 
reflect the larger number of stems sampled from these regions than the presence of a 
more diverse endophytic microflora. 

Fusarium nygamai, a recently described species (Burgess and Trimboli, 1986) was 
isolated from >40% of roots from each of the known dieback regions and was relatively 
common in roots from region 6. It has been isolated previously from soil debris in arid 
regions of Queensland (Burgess e¢ al., 1989) and from both undisturbed and cultivated 
soils in South Africa (Marasas et al., 1988). It is more commonly found in undisturbed 
soils under natural vegetation and forms only a minor component of the Fusarium 
mycoflora in wheat soils or on wheat plants with crown rot (van Wyk et al., 1987). 
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Although F nygamai has been frequently isolated from diseased plant tissue, its 
pathogenicity to plants has not yet been demonstrated. 

F. oxysporum and F. solani are among the most widespread and predominant 
Fusarium species in uncultivated soils (Stoner, 1981). However, we recorded only a single 
isolate of F solani from saltbush roots and F. oxysporum was associated with only 20% of 
roots sampled from the dieback regions. In contrast, F! equasett which is known to occur 
in desert soils in the U.S.A. (Stoner, 1981) and Israel (Joffe and Palti, 1977), and is 
abundant in semi-arid rangelands in eastern Australia (Burgess, 1981; Burgess and 
Sommerell, 1992), was isolated more frequently than F’ oxysporum in regions 4 to 6. 
Although it is a vigorous saprophyte, / equiset: has occasionally been implicated in 
disease (Burgess et al., 1988b). 

In a recent survey of Fusarium species in soils along a longitudinal transect from 
Darwin to Ceduna, Sangalang et al. (1991) isolated F. equisett and F oxysporum most 
commonly from semi-arid soils in the Ceduna area (region 4). During the present study 
F. chlamydosporum, F- compactum, F- nygamai, F. scirpi and F. subglutinans were isolated from 
roots in regions 4 and 5. It is perhaps noteworthy that these species were not recorded in 
soils by Sangalang et al. (1991) from the climatically similar region of Ceduna, and that 
they isolated F. subglutinans only from Darwin (tropical) soils. In a recent study, however, 
Burgess and Sommerell (1992) isolated FE. chlamydosporum most frequently from drier 
soils in western Queensland. 

Fusarium nygamai has features in common with F oxysporum and F. subglutinans to 
which it is related. It is therefore likely that it behaves in a similar way to other fungi in 
this group which move up through the host plant by microspores carried in the xylem. It 
is thus possible that these four species from saltbush communities across Australia 
occupy a similar ecological niche. 

When the frequency data for F. oxysporum, F. redolens, F- subglutinans and F. nygamaz 1s 
combined for each region (Fig. 2), region 1 (the dieback area on the Hay plain) has 
noticeably more plants infected with one or more of these fungi. Although there were 
fewer plants infected with these four Fusarzum species in the healthy communities in 
regions 4 to 6, >40% of roots sampled were colonised by one or more of these species. 
When considered with the pathogenicity testing, however, there is insufficient evidence 
to suggest a direct causal relationship between these fungi and saltbush dieback. 
F. oxysporum has, however, been isolated from wilting galvanised burr (Bassia bircha 
(F. Muell.) F. Muell.) growing in western NSW and its pathogenicity has been demon- 
strated (Auld, 1976). This suggests that in semi-arid environments, / oxysporum could 
potentially influence saltbush vigour. 

Several fungi have been isolated from Atriplex species in Australia but their 
pathogenicity is unproven. Conzothyrium atriplicinum Wint. and a number of Camaro- 
Sportum spp. were isolated from leaves and stems of unthrifty and healthy cultivated and 
naturally growing A. undulata and A. rhagodioides (= A. amnicola) in Western Australia 
(Napier, 1983). She found no clear correlation between symptoms of disease and the 
presence of either fungus. Neither fungus induced disease symptoms in inoculated 
plants, although C. atriplicinum was reisolated from all inoculated plants. Napier 
observed that because of the range of growth habits, it was difficult to know what a 
‘normal’ plant should look like. It is interesting to note that Napier (1983) isolated 
Aureobasidium pullulans from declining Atriplex spp. This fungus was recorded from 
saltbush by us only in Western Australia. In the eastern regions where bladder saltbush 
decline had occurred we detected A. pullulans only in glasswort. 

Coniothyrium atriplicnum has been recorded on several Atriplex species in Victoria 
(Chambers, 1982) and from leaves and stems of A. nummularia in NSW (Anon., 1983), as 
well as in W.A. Camarosporium spp. have been recorded on Atriplex spp. in South Australia 
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(Cook and Dubé, 1989) and Western Australia (Shivas, 1989). Ascochyta caulina has been 
isolated from stems and crowns of A. vesicaria in NSW (Herb. DAR, unpub.), and from 
Atriplex spp. in W.A. as A. chenopodi Rostr. (Shivas, 1989). This fungus is a common 
cause of leaf spots and is known to cause stem necrosis on various species of Atriplex and 
Chenopodium (van der Aa and van Kesteren, 1979). More stems were sampled in 
regions 4 to 6 than in the dieback regions but the frequency of isolation of A. caulina 


approximated that from region 1, suggesting that it is unlikely to be the sole cause of 
saltbush dieback. 


ISOLATION FREQUENCY (%) 


F. redolens 


REGION 


F. subglutinans 


Fig. 2. The isolation frequency of microconidia-forming Fusartum species isolated from bladder saltbush 
sampled from six geographic regions, and the total proportion of sampled roots that were infected with one or 
more of these species. 


Pathogenicity Testing 

A realistic pathogenicity test involving a long-lived woody perennial is difficult to 
achieve in a glasshouse when several variables such as plant age, extreme temperature 
and rainfall patterns, fluctuating soil salinity, grazing pressure, defoliation, etc., may 
modify plant response to a pathogen. Under the experimental conditions imposed 
during the pathogenicity tests, there was no obvious relationship between a particular 
fungus and development of lesions or stress symptoms. The observed growth stimula- 
tion (Table 8) may be the result of a synergistic relationship between fungus and host 
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providing improved nutrient availablity to the plant. Cother and Gilbert (1993) recently 
reported growth stimulation in rice seedlings by pathogenic Pythzum species. The 
endophytic microflora in plants may be beneficial in relatively unstressed situations or 
detrimental when host vigour is impaired. 
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Fig. 3. The percentage incidence of Fusarium laterttium and F. stilbovdes in roots and stems of bladder saltbush 
sampled from six geographic regions. The horizontal line depicts ground level. 


Fusarium oxysporum, FE. equiseti and Gilmaniella spp. are ubiquitous soil inhabitants, 
even in desert environments (Joffe and Palti, 1977), and are somewhat tolerant of short 
periods of steam-air treatment. The isolation of Fusarzum spp. from uninoculated 
(control) plants which had died in the experiment is attributed to the soil-borne nature 
of these fungi rather than to cross-contamination. 

In a discussion on stem and crown cankers, and dieback of woody plants, 
Schoeneweiss (1981) noted that these disorders are most prevalent on plants subjected to 
environmental stress before symptom development. Severely defoliated plants appeared 
more susceptible to root rots and dieback pathogens, and several periods of repeated 
stress may result in a static predisposition to nonaggressive pathogens (Schoeneweiss, 
1981). Manion (1981) considered that three sets of factors may be involved in tree decline 
with one factor from each category associated with a decline situation. A predisposing 
factor (e.g. climate, plant age) influenced by an incitant (e.g. drought, defoliation) 
together with a contributor (e.g. fungi, viruses) may culminate in the death of a tree. 

Low and extremely variable precipitation is the predominant factor limiting 
growth in saltbush communities (Osborn et al., 1980). Semple (1989) in a comparison of 
recorded saltbush ‘dieback’ events with the occurrence of drought, suggested that, 
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although there is some evidence of periods of unusually high rainfall preceding dieback, 
it could be equally argued that saltbush dieback is associated with drought. Each 
condition is a potential stress factor, directly affecting plant vigour or indirectly 
affecting physiological functions through changes in soil salinity, ion uptake, hydraulic 
conductivity, etc. (Cother et al., 1988). For example, wilt symptoms in Zizyphus mauritanta 
Lamk. were caused by F. equiseti only when moisture stress was imposed on inocu- 
lated plants (Lodha, 1983), and it was suggested that reduced root vigour caused by 
droughting may favour fungal infection. 

A number of the fungi isolated from naturally grown bladder saltbush and adjacent 
plants during this study, e.g. species of Acremonium, Aureobasidium, Camarosporium, 
Coniothyrium, Cylindrocarpon, Cytospora, Libertella and Phoma are recorded in the literature 
as being associated with dead and dying plant tissue. Saprophytism by these species is 
common on senescing tissue and some records do not involve known pathogenicity (Ellis 
and Ellis, 1985). It is possible that the association noted in these records and their 
involvement in saltbush decline is one of colonization of tissue during periods of 
plant stress. Alternatively these and other species, and especially the fusaria, isolated 
from ‘healthy’ field specimens may reside symptomlessly in a neutral or commensal 
relationship in root and crown tissue, as indicated by the relative frequency of isolation 
of F- oxysporum, F. nygamai and F: equiseti from these tissues in ‘healthy’ inoculated plants. 
When the plants’ normal vigour is reduced by some external (e.g. drought, grazing 
pressure) or internal condiiion (e.g. onset of senescence) such fungi may become 
opportunistic pathogens. Saltbush dieback may thus be the culmination of one or more 
events which, by altering host physiology sufficiently, predisposes the plant to its 
endophytic mycoflora. Similar symptomless associations of known pathogens have 
been reported in maize (Young and Kucharek, 1977; Windham and King, 1983) and 
soybeans (Mueller et a/., 1985; Sinclair, 1991). Recently, Fisher and Petrini (1992) 
isolated F equaseti, F’ oxysporum and Phoma spp. from healthy rice plants and similarly 
argued that symptomless endophytes may induce symptoms when the host is stressed. 
Moreover, a number of species associated with bladder saltbush were also found in rice, 
supporting the view of Fisher and Petrini (1992) that vascular plants have a basic 
predisposition to allow symptomless endophytic colonization by a number of fungi. 

The tolerance of individual saltbushes to this coexistence may vary so that at any 
level of externally imposed stress some individuals in the population die or display 
‘dieback’ symptoms. The stress conditions may take many forms and the involvement of 
climatic factors may explain the cyclical nature of this phenomenon. 
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Partially mineralised Banksia ericifolia L.f. cones collected from the Tianjara 
Plateau, New South Wales are described. The fossils have an outer layer of pyrite 
covering a charcoal interior. The cones were burnt prior to burial. Adsorbed organic 
material was subsequently oxidised under anaerobic conditions. Pyrite was formed 
by the precipitation of sulphide, produced by the concomitant reduction of sulphate, 
and ferrous ions. Carbon dating of material from the inside of one sample gave a 
conventional radiocarbon age of 6130 + 80 BP. 
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INTRODUCTION 


Very few fossil Banksza cones have been reported (George, 1981). Perhaps the most 
famous are the Eocene fossil Banksia archeocarpa McNamara and Scott from the Kennedy 
Ranges of Western Australia (McNamara and Scott, 1983). Fossil cones from the 
Tertiary have been reported from brown coal deposits and gold-bearing sediments in the 
Latrobe Valley (Cookson and Duigan, 1950; Pike, 1953). Extinct Banksia kinga Jordan 
and Hill, which has recently been described from south-western Tasmania, flourished in 
the late Peistocene (Jordan and Hill, 1991). 

This paucity of fossil Banksia cones is surprising, since abundant and varied fossils 
of Banksia leaves, or its very close relatives, are known from ‘Tertiary and Quaternary 
sediments (Hill and Christophel, 1988; Jordan and Hill, 1991). Banksia cones are very 
robust and woody, and are therefore resistant to degradation, making them good 
candidates for preservation. The lack of fossil cones, compared to Banksia leaves, is likely 
to be the result of differences between the modes of fossilisation. The known fossil 
Banksia cones have mostly been found in sediments which did not contain leaves: for 
example, no leaves were found with B. archeocarpa (McNamara and Scott, 1983), there is 
no record of leaves from the gold bearing sediments from Victoria (Cookson and 
Duigan, 1950), and the leaves and cones of B. kingii occur in different sedimentary lenses 
at Melaleuca Inlet (Jordan and Hill, 1991). Only the cones from the Yallourn coal seams 
have been associated with leaves (Cookson and Duigan, 1950; Pike, 1953). 

The most intensively studied Tertiary and Quaternary macrofossil deposits in 
Australia are water-transported leaf floras containing few large organic objects. Most 
Banksia cones are considerably more massive than any leaves, and are therefore likely to 
be deposited in different localities to the leaves, and, therefore, in sediments which are 
unlikely to be studied by palaeobotanists. Indeed, their massive size means that they are 
likely to be deposited in high-energy sediments, which are generally coarse and much 
less likely to produce the anaerobic conditions normally required for preservation and 
subsequent mineralisation. The cones of B. kingit were found in much coarser sediments 
than the leaves, which occurred with leaves and small fruits of other species (Jordan and 


Hill, 1991; Jordan et al., 1991). 


PROC. LINN. SOC. N.S.W., 114 (3), 1994 


2 PYRITISED HOLOCENE BANKSIA CONES 


The process of substitution of the organic material of prospective fossils by 
inorganic material may allow conditions which are favourable for the preservation of 
massive woody structures (e.g. the occurrence of petrified wood). Indeed, the cones of B. 
archeocarpa from Western Australia are mineralised. This paper describes the process of 
pyritisation of B. ervcifolia L.f. cones from south-eastern New South Wales, which has 
resulted in apparently durable replicas of the organic cones. This process has occurred 
under depositional conditions unlike those of most other plant fossils. 


SITE DESCRIPTION 


Tianjara Plateau, which is part of Morton National Park, is near the southern 
extremity of the extensive Sydney Basin region (Fig. 1). The surface of the plateau, 
which is a flat-topped erosional remnant, 1s formed of the Nowra Sandstone of the 
Shoalhaven Group (Herbert and Helby, 1980). It owes its existence to the presence of the 
flat-lying cliff-forming Permian sandstone and marine quartzose sandstone, which 
overlies softer Permian mudstones. Erosion of the plateau appears to be mainly by cliff 
retreat rather than lowering of the plateau surface. It is possible that the surface of the 
plateau has remained virtually unchanged for hundreds of thousands or even millions of 
years. 
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Fig. 1. Map of the region from which the samples were collected. 


PROC. LINN. SOC. N.S.W., 114 (3), 1994 


J. A. E. GIBSON ET AL. WS: 


The soils, derived from the underlying sandstone rock, are nutrient-poor. Some 
downslope soil movement may be possible by creep, slumping, and the action of wind 
and water. Many areas are (semi-) permanently waterlogged and perched swamps are 
present. Ulladulla, a coastal town approximately 20 km to the southeast receives an 
annual rainfall of 1266 mm, with monthly average temperatures ranging from 12°C in 
winter to 21°C in summer. It 1s likely that the plateau receives more rain, and that the 
temperature range is more extreme. 

The fossil samples were collected from the bed of an abandoned fire trail. The trail 
sloped gently from the north-west; approximately 200 m to the north-west of the 
collection site, the trail climbed a small 5-10 m high scarp. Above this minor cliff line the 
terrain was flat, with very little soil and large areas of open rock. A similar situation 
occurred downhill from the sample site at the bottom of the slope. However, sandy soil 
deriyed mainly from the upslope area had accumulated to form the slope from the scarp 
to the next essentially level area. It appeared that the soil was deposited after being 
washed from higher areas or from erosional processes at the cliff line. Patches of the soil 
were reddish in colour, suggesting the presence of iron. The cleared fire trail provided a 
watercourse for run-off from the higher area, as the lack of thick plant cover reduced the 
resistance to water flow that would occur elsewhere. 

The fossils lay in patches across the fire trail and were partially embedded in a 
matrix of unconsolidated sandy soil. The long axis of the samples were generally 
horizontal to the soil surface. Excavation to a depth of 30-40 cm revealed no further 
samples, even though the cones were abundant at the surface. The number of fossils 
evident at the surface varied considerably over a period of 2 years. 

The flora in the vicinity of the collection site consisted of thick heath vegetation, 
and included shrubs of the genera Banksia, Acacia, Hakea, Boronia, Leptospermum, Epacris 
and others. Occasional patches of Eucalyptus were also present, especially where deeper 
soil had accumulated near small cliff lines. Such flora is typical of some of the Sydney 
Sandstones. Three Banksia species occurred in the immediate area of the sampling site: 
B. erwifolia var. ericifolia L.¥., B. spinulosa var. spinulosa Smith and B. paludosa R.Br. B. 
serrata L.F. also occurred within 1 km of the site. The Banksia taxonomy followed in this 
paper is that of George (1981). 


DESCRIPTION OF FOSSIL MATERIAL 


Samples of the fossil Banksza cones (woody infructescences) were collected during 
July, 1991. The fossil cones were up to 8 cm in length and 3 cm in diameter (Figs 2a and 
2c). Complete cones were relatively scarce, but smaller fragments consisting of partial 
cones were common. The fossils typically consisted of three distinct layers. The interior 
of the fossils was charcoal, though in at least one case, original woody material 
remained. Surrounding the charcoal was a layer, 1 to 10 mm thick, of a mineral 
identified by chemical tests to be pyrite (FeS,) (I. R. Willett, personal communication). 
On the outside was a thin layer of yellow-orange material, which was probably jarosite, 
[KFe3(OH)¢(SO4)25H ,O], a common oxidation product of pyrite. The broken surfaces 
of the partial cones showed the same structure, indicating that the mineralisation 
process began after the cone was broken and also after the plant material had been 
burnt. 

The external and internal structures of the fossils were generally well preserved 
(Figs 2a and 2c). In particular, the floral bracts were evident in both whole cones and in 
cross section. However, the follicles appeared to have been worn back to the surface 
formed by the floral bracts. Some modern, charred, but non-mineralised cones of B. 
ericifolia collected from the surface nearby (Figs 2b and 2d) had the same characteristics. 
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Fig. 2. Photographs of (a) partially pyritised Banksza ericifolia cone. The arrow points to the base of a woody 
follicle. The floral bracts are the regularly distributed more or less diamond shaped structures. (b) Burnt cone 
of extant B. ericifolia collected from the ground in the same area. (c) Transverse section of a partially pyritised 
cone. The darker area on the right hand side of the inside of the cone indicated by the arrow was soft, black 
and charcoal-like. (d) Transverse section of a burnt cone of extant B. ericifolza from the same area. Scale bars in 
all figures are 1 cm. 


The fossil cones (Figs 2a and 2c) could not be distinguished morphologically from 
these charred but non-mineralised B. ericefolia cones. They were similar in the following 
aspects: overall size; size and shape of the follicle bases; size and shape of the bracts; 
and the size and distribution of the bracts and cone axis in cross section. Apparent 
differences between the fossil and extant cones in diameter, and the shape of the bracts, 
can be attributed to the greater erosion of the fossil cones and within-population 
variation. 

The fossil cones differ morphologically from all other eastern Australian species. 
The follicle bases of the cones are nearly as broad as they are long (Fig. 2a), whereas 
those of B. spinulosa are smaller and more elongate. Banksia ericifolia and B. spinulosa are 
the only eastern Australian members of Banksia series Oncostylis. Banksia serrata, B. aemula 
R.Br. and B. ornata F. Muell. ex Meissner (series Orthostylis) all have much more massive 
follicle bases. The species of Banksza section Salicinae, which includes B. marginata Cav., B. 
integrifolia L.F., B. paludosa, B. oblongifolia Cav. and several other species, all have follicle 
bases which are much longer than broad. Therefore it was concluded that the fossils 
belonged to the species B. erzczfolza. 

The age of one of the fossil samples was determined by radiocarbon dating. The 
sample was cleaned carefully prior to analysis, and treated with acid (to remove soluble 
iron) and alkali, which removes adsorbed humic and other organic substances from 
within the matrix of charcoal samples. It was found that a large amount of such material 
was leached from the sample (G. ‘Taylor, personal communication). The age of the 
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sample was determined to be 6130 + 80 BP (S.U.A. 3024). This age might be a slight 
underestimate due to possible contamination by organic-rich water of younger radio- 
arbon age (Colhoun, 1986). 


DISCUSSION 


Pyritised plant macro-fossils are relatively common (Kenrick and Edwards, 1988). 
‘Tertiary ironstones which contain well-preserved leaf floras are widespread in Tasmania 
and are well known in Western Australia (R. S. Hill, personal communication). These 
fossil floras are poorly recorded in palaeontological literature, probably because of the 
difficulties in dating them and because the destruction of the organic cuticle makes 
identification of the fossil leaves very difficult. The fossils discussed in this paper, 
however, are novel in that large fruiting bodies have been preserved and that only an 
outer skin has been pyritised, while the interior of the fossils consists of charcoal or, in 
rare examples, woody material. 

The similarity of the fossil material and modern charred, but non-mineralised, B. 
ericifolia cones indicates that the fossil cones were burnt prior to burial and mineralis- 
ation. B. ertcifolia var. ericifolia regenerates after fire from seed (George, 1981). Thus, the 
fruiting cones have to be able to survive the high temperatures experienced during fires. 
The seeds are released from the cones after the fire, but the cones remain attached to the 
burnt plant. 

It is probable that the fossils and the similar modern burnt cones had undergone 
two burning processes. Tianjara Plateau was burnt extensively during large bushfires in 
early November, 1988, and many dead B. ericifolia var. ericifolia were present on the 
plateau when the fossils were collected. These plants still had the cones attached to the 
stems; the exerted woody follicles had opened, but were not burnt back to the floral 
bracts. Inspection of the cones showed that they still possessed a considerable amount of 
organic material. On the ground in the same area were many charred cones that had 
been converted entirely to charcoal (Figs 2b and 2d). We suggest that these cones had 
been burnt a second time; the fire-resistant nature of the cones was such that, rather 
than total combustion, charring to charcoal occurred. The second fire had also caused 
the cones to fall from the dead plants. The follicles on the outside of the cone, however, 
were burnt back to the surface formed by the floral bracts during this second burning. 

Preservation of plant parts will only result if biological and mechanical breakdown 
is avoided. Rapid entry into anaerobic conditions is generally thought to be necessary 
for the preservation of unburnt organic matter (Ferguson, 1985). If exposed to oxygen, 
bacterial respiration of the organic material will occur. Under anaerobic conditions, this 
respiration is either halted, or, in the presence of sulphate-reducing bacteria and 
sulphate ions, continued with the concomitant formation of sulphide ions. If iron is also 
present, pyrite (FeS,) is eventually precipitated. Relatively high concentrations of 
sulphate would be expected at near coastal sites such as the Tianjara Plateau due to the 
transport of sulphate-containing aerosol particles, formed by breaking waves, from the 
ocean. Although the soil at the collection site did not appear particularly ferruginous, 
patches of soil nearby were brick red in colour and probably contained relatively high 
concentrations of iron. Thus the reduction of organic material and the formation of 
pyrite would be expected under anaerobic conditions in the perched swamp areas near 
where the fossils were found. 

Charcoal, however, is not degraded by either anaerobic or aerobic bacteria. The 
question then 1s: what organic material was oxidised during the formation of the pyrite 
present in the fossils? It is possible that organic material remained after charring, but 
more probable that a secondary source of carbon occurred. Many of the modern 
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charcoal cones at the surface were covered by mosses and other plants; this plant 
material could have provided the organic carbon required. No evidence, however, of 
fossilised mosses on the outside of the cones was observed. However, charcoal strongly 
adsorbs organic chemicals; organic matter excreted by the mosses or carried in water 
which washed over the cones could have sorbed to the charcoal before they entered 
anaerobic conditions. Evidence for this mechanism was provided by the fact that a large 
amount of organic material was leached from the samples on treatment with alkali. This 
observation also suggests that the process of pyritisation would probably have continued 
if the sample remained in the requisite chemical environment. Such a process would 
also explain why only an outer shell was pyritised, as dissolved organic species would be 
concentrated in the adsorption process near the surface of the charcoal. However, it is 
possible that the pyrite layer formed a seal over the surface of the cones precluding the 
further entry of bacteria and/or sulphate ions. 

Compared to the fossils, the modern charred cones were very fragile. It is therefore 
unlikely that the burnt cones were transported any distance before they were buried, 
even though they could have remained at the surface for a considerable length of time. 
They were possibly buried by slumping or a similar erosional process; the fragility of the 
cones and the flatness of the plateau appear to preclude deposition in stream sediments. 
However, the fossilised cones were considerably more robust, and could have been 
transported by water to the site from which they were collected. As mentioned above, the 
sampling site was an old fire trail, which would provide a pathway for water to flow from 
close-by higher land during the frequent heavy rainstorms that occur in the area. 
Excavations at the site of collection revealed no fossils deeper than a few centimetres — 
most of the fossils were only partly embedded in the sandy matrix. It is probable that the 
fossils had been transported by water flow from a higher point and deposited on the 
flatter slope. Searches for zn sztu fossils failed. 

The processes suggested for the partial mineralization of the Banksia cones provide 
a novel mechanism for the formation of fossils. Pyritization is generally thought to 
proceed via direct precipitation of iron sulphides as organic matertial is oxidized 
(Kenrick and Edwards, 1988), resulting in little original material remaining. In this 
case, after conversion of the bulk of the organic carbon to charcoal, only a thin surface 
layer of pyrite is formed. The process makes the material more robust, and also allows 
the charcoal to be preserved within the fossil. 

The age of the fossil provides evidence for the existence of B. ercifolia, and by 
inference, a fire adapted flora, at this locality during the early Holocene. The presence 
of B. ertcifolia is not surprising considering the current nutrient-poor status of the local 
soils and the geological stability of the environment. It is interesting to note that the 
samples were collected from near the southern extremity of the current range of this 
species (Taylor and Hopper, 1988), indicating that it has probably been present over this 
range for at least the last 6000 years. The existence of a fire-adapted flora at this locality 
is also not surprising, considering the long history of high fire frequencies in south- 
eastern New South Wales (Singh et al., 1981). 

The occurrence of sub-fossil Banksta cones on Tianjara Plateau suggests that 
similar material could be found throughout the swampy highland plateaux that are 
prevalent along the south coast of New South Wales. The samples also suggest processes 
that could lead to more complete fossilisation: the charring and partial pyritisation of 
the cones results in a more chemically, mechanically and/or biologically stable form that 
could be further lithified after burial. 
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fly (Diptera: Nerioidea) and the subgenera 
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MCALPINE, D. A new Australian species of pseudopomyzid fly (Diptera: Nerioidea) 
and the subgenera of Pseudopomyza. Proc. Linn. Soc. N.S.W. 114 (4): 181-188 (1994). 


The genus Pseudopomyza Strobl, 1893, is considered to include the following 
nominal genera as junior synonyms: Protoborborus Malloch, 1933; Heluscolia Harrison, 
1959; Rhinopomyzella Hennig, 1969, n. syn. The genus is divided into the following 4 
subgenera: Pseudopomyza s. str.; Rhinopomyzella Hennig; Apops n. subg.; Dete n. subg. 
Pseudopomyza (Dete) collessi n. sp. is described from eastern Australia. 


D. K. McAlpine, Entomology Section, Australian Museum, College St, Sydney, New South Wales, 
2000; manuscript received 24 March 1993, accepted for publication 15 May 1993. 


INTRODUCTION 


The family Pseudopomyzidae is considered to include the following genera (mainly 
following Krivosheina, 1979): Latheticomyia Wheeler (Americas), Tenuta Malloch 
(Philippines), Polypathomyia Krivosheina (north-east Asia), Pseudopomyzella Hennig, 
Heloclusia Malloch, (both from South America), Pseudopomyza Strobl (syns. Prototo- 
borborus Malloch, Heluscolia Harrison, and Rhinopomyzella Hennig (wide, discontinuous 
distribution)), and the fossil Eopseudopomyza Hennig (Europe, Eocene). Current investi- 
gation of phylogeny in the Nerioidea has necessitated the more accurate definition 
of genera and subgenera. The first known Australian species, described below, was 
previously mentioned under Pseudopomyza (Colless and McAlpine, 1970), and it is 
now considered that its morphology indicates separate subgeneric status. A second 
Australian species, known from too little material for formal description is considered to 
belong in another subgenus. 

In Australia, as in other regions, pseudopomyzids have been rarely collected, and 
obtaining sufficient material for taxonomic study has sometimes been difficult. 

The biology of the Pseudopomyzidae is very little known. Krivosheina (1979; 1984) 
recorded the larvae of Polypathomyia stackelbergi Krivosheina living under the bark of 
rotting logs. Frey (1952) stated that the adults of Pseudopomyza atrimana (Meigen) gather 
during afternoon over rotting logs, a habit which suggests a similar larval habitat to that 
of Polypathomyra. 

The following collectors’ names are abbreviated to the initials: J. Cardale, D. H. 
Colless, I. F Common, D. K. McAlpine. 

The following abbreviations are used for institutions holding material: AM, 
Australian Museum, Sydney; ANIC, Australian National Insect Collection, CSIRO, 
Canberra; CNC, Canadian National Insect Collection, Agriculture Canada, Ottawa. 


Genus Pseudopomyza Strobl 

Pseudopomyza Strobl, 1893: 284. Type species (monotypy) P. nztzdissima Strobl (= Opomyza 
atrimana Meigen). 

Protoborborus Malloch, 1933: 261-262. Type species (original designation) P. neozelandicus 
Malloch. 
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Heluscolia Harrison, 1959: 119-120 (as subgenus of Heloclusta Malloch). Type species 

(original designation) Heloclusta (Heluscolia) antipoda Harrison. 

Rhinopomyzella Hennig, 1969: 396-398, n. syn. (as generic name). See below as 
subgenus. 

I include in this genus pseudopomyzids with the following character combination: 
fronto-orbital bristles 2 or 3 pairs; setulae of cheek not forming a uniseriate fringe; 
mesopleuron bare; dorsocentral bristles 4 pairs; anterior acrostichal setulae or bristles in 
a single median series; scutellum without discal setulae; tibiae without differentiated 
bristles except near apices; costa broken or much weakened at humeral position; costa 
without spaced spines or enlarged bristles next to marginal cell; subcosta desclerotised 
beyond middle of second costal cell; second basal and anal cells open distally (Fig. 232 of 
Hennig, 1958, which shows these cells closed in P. atrimana, 1s inaccurate). 


Key to subgenera of Pseudopomyza 


1. Fronto-orbital bristles 3; anterior intra-alar bristle present ................. 2 
— Fronto-orbital bristles 2; anterior intra-alar bristle absent .................. 3) 
2. Face very extensively desclerotised on lower part, with median elevation 
restricted to area between antennal bases; Europe, New Zealand .. Pseudopomyza 
— Face with extensive sclerotised lateral plates only separated below by the long 
lightly sclerotised median carina; Neotropical Region .......... Rhinopomyzella 


3. Lateral facial plates large, relatively narrowly separated below by the long 
lightly sclerotised carina; anterior cheek bristle absent; mesoscutum largely 
devoldrolgoguilnescence nel OSSy-e lise NUS Ua aye ein geen ee eee Dete 
— Lateral facial plates smaller, widely separated below by membranous zone; 
anterior cheek bristle present behind vibrissa; mesoscutum almost entirely 
pruinescent, subshining; New Zealand, Western Australia .............. Apops 


Subgenus Pseudopomyza s.str. 
Synonyms: Protoborborus Malloch, Heluscolia Harrison (see under genus heading for 
details). 

Fronto-orbital bristles 3; cheek generally with one anterior bristle (behind vibrissa) 
at least slightly differentiated from setulae; face extensively desclerotised ventro- 
medially; antennal segment 2 with several moderately long ventral bristles, but no one 
very long bristle; anterior intra-alar bristle present; mesoscutum with almost uniform 
covering of inconspicuous pruinescence. 

Included species are P atrimana (Meigen) (Europe and Korea), P antipoda 
(Harrison), P. arstata (Harrison), P. brevicaudata (Harrison), P. brevis (Harrison), P. neo- 
zelandica (Malloch) (last 5 from New Zealand). I am uncertain if P. antipoda is a synonym 
of P. neozelandica, as the apparent differences in published illustrations (e.g. Harrison, 
1959) are not entirely borne out in the specimens examined. The New Zealand species 
have been treated by Harrison (1959; 1976) under the generic names Heloclusia and 
Protoborborus. 

Hennig (1969) seems to have separated Protoborborus from Pseudopomyza on the 
basis of the great distance between the ranges of the New Zealand and European 
species. However, I have been unable to find other kinds of evidence for major genetic 
divergence between the two groups. I believe that taxonomic decisions based mainly on 
geographic data are undesirable, particularly in groups which, like the Pseudo- 
pomyzidae and the genus Pseudopomyza, appear to have a relict distribution. 
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Subgenus Rhinopomyzella Hennig n. stat. 
Rhinopomyzella Hennig, 1969: 596-598, as genus. Type species Rhinopomyzella nigrimana 

Hennig. 

Fronto-orbital bristles 3; anterior cheek bristle scarcely differentiated from setulae; 
lateral facial plates broad, only separated below by the long, somewhat sclerotised 
median carina; antennal segment 2 without single very long ventral bristle, several of 
them moderately long; thorax almost entirely pruinescent, lightly and evenly so on 
mesoscutum; anterior intra-alar bristle and sternopleural bristle well developed. 

Hennig, in describing the genus Rhinopomyzella, gave only one character which can 
be considered to separate it from Pseudopomyza s. str. This is the presence of the median 
facial carina, which is combined with a greater development of the sclerotised facial 
plates and reduction of the ventromedian membranous zone of the face. Krivosheina 
(1979), without access to specimens of Rhinopomyzella, failed to differentiate Rhinopomy- 
zella from Pseudopomyza in her key to genera of Pseudopomyzidae, though she discussed 
the differences in facial structure. My study of numerous pseudopomyzid species 
suggests that facial structure is no more reliable as an indicator of relationships than 
many points of chaetotaxy. Subgeneric status in the genus Pseudopomyza is therefore 
considered appropriate for Rhinopomyzella. 

Rhinopomyzella includes Pseudopomyza (Rhinopomyzella) nigrimana (Hennig) and 
Pseudopomyza (Rhinopomyzella) albimana (Hennig) n. combs., and apparently one or two 
undescribed species. The geographic distribution of the subgenus is from Mexico to 
southern Brazil, and includes the West Indies (Hennig, 1969, and material in CNC). It 
includes all known New World representatives of the genus. 


Subgenus Apops n. sg. 
Type species Heloclusia (Heluscolia) flavitarsis Harrison. 

Fronto-orbital bristles 2; cheek with distinct bristle behind vibrissa; paired facial 
plates moderately developed but well separated by a membranous zone on most of depth 
of face; anterior intra-alar bristle absent; mesoscutum almost entirely pruinescent, 
subshining. 

Apops is structurally intermediate between Pseudopomyza s. str. and Dete, resembling 
the first in the distinct cheek bristle, extensively membranous median zone of the face, 
and pruinescent mesoscutum, and the latter in the 2 fronto-orbitals and absence of the 
anterior intra-alar bristle. 

In addition to the type species from New Zealand, a single specimen from Western 
Australia(Q, 1 mi.E of Jewel Cave, Augusta, 3.x.1970, D.H. Colless, ANIC), appears to 
represent a second, closely related species. Formal description of this species should 
await additional material. 

The subgeneric name is from the Greek apo-, separate, and ops, face (feminine), 1n 
reference to the deeply divided facial sclerotisation. 


Subgenus Dete n. sg. 
Type species Pseudopomyza collessi n. sp. 

Fronto-orbital bristles 2; no single enlarged cheek bristle behind vibrissa; paired 
sclerotised facial plates large, approximated along median line where separated by a 
narrow, somewhat sclerotised carina; membranous median zone of face thus much 
reduced, forming a shallow triangle above prelabrum. Antenna: segment 2 with long 
ventral bristle as well as dorsal bristle. Thorax, particularly mesoscutum and sterno- 
pleuron, predominantly glossy and without pruinescence; anterior intra-alar bristle 
absent; sternopleural bristle reduced. 

Dete differs from all other subgenera of Pseudopomyza in the one, very strongly 
differentiated ventral bristle on antennal segment 2, largely glabrous, glossy meso- 
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Fig. 1. Pseudopomyza collessi, holotype. 


scutum, and reduced sternopleural bristle. It differs from subgenera other than 
Rhinopomyzella in having the sclerotised facial plates large and only narrowly separated 
medially on much of the depth of the face. It differs from subgenera other than Apops in 
having 2 instead of 3 fronto-orbital bristles and no anterior intra-alar bristle. 
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Figs. 2-5. Pseudopomyza collesst. 2, protandrogram — diagram of segments 6-8 of male abdomen shown as split 
along median ventral line and spread flat. 3, epandrium and associated parts. 4, proximal part of female 
reproductive system, dorsal. 5, the same, ventral. m, muscle. sp, spermatheca. s6-s8, sternites 6-8. t6-t8, 
tergites 6-8. vr, ventral receptacle. 


The only recognized species lives in eastern Australia. 
The subgeneric name is from the Greek dete, torch (feminine), in reference to the 
high gloss of the thorax. 


Pseudopomyza (Dete) collessi n. sp. 
OQ. General coloration shining brown-black, with black bristles and clear, unmarked 
wings. Anterior margin of postfrons tawny; face and cheeks tawny with little brown 
suffusion. Antenna tawny; segment 3 suffused with brown distally; arista blackish. 
Prelabrum tawny; palpus and most of proboscis fulvous. ‘Thorax with propleuron tawny. 
Legs largely tawny; dorsal surface of fore femur, entire fore tibia, and basal segments of 
fore tarsus dark brown; fore tarsus with 2 distal segments in ©, 3 in Q, pale yellowish. 
Head rounded, somewhat higher than long; height of cheek c. 0.14 of vertical 
diameter of eye; vibrissal angle rounded off; vibrissa situated more posteriorly than in 
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related species (subgenus Pseudopomyza),; surface of head largely thinly pruinescent 
except on shining lateral vertical plate and part of face and cheek. Arista with well 
developed pubescence on entire length of segment 6, its length c. 3.3 times that of rest of 
antenna. 

Thorax. Posterior sternopleural bristle small, anterior one minute or undifferen- 
tiated; propleural bristle well developed. Wing: costal index = 7.2-7.4; vein 4 index = 
Sponaulk 

Abdomen. & postabdomen: sternite 6 small, lunular, setulose, ventral and approxi- 
mately symmetrical; sternite 7 extending round ventral surface as a narrow strip, 
broader on left side, where it joins the dorsal sternite 8; apparent tergite 8 forming 
narrow ventral strip; spiracle 6 in very edge of tergite 6; left spiracle 7 in front of upper 
part of sternite 7; right spiracle 7 immediately below margin of tergite 8; epandrium 
setulose, with pair of approximated, divergent bristles on upper part; surstylus almost 
lanceolate, incurved, broadened at extreme base and slightly so near middle, its base 
overlapped by lobe of epandrium; cercus short. Q postabdomen: tergite 6 slightly 
longer than tergite 5; sternite 6 reduced; tergosternite 7 nearly twice as long as tergite 6, 
with several setulae, including some rather long ones in an irregular transverse, almost 
encircling series slightly behind middle of length. Q reproductive system (in fly with 
well developed ova in ovary) entirely whitish, unpigmented; spermathecae 2, small, on 
short separate ducts from oviduct, with rounded, subequal vesicles; median oviduct 
with pair of strap-like muscles connecting it to body wall; ventral receptacle incon- 
spicuous, externally apparent only as a compressed pouch at distal end of vaginal 
complex. 

Dimensions: total length, & 1.9-2.7 mm, Q 2.1-2.6 mm; length of thorax, Oo 0.87- 
1.02 mm, 9 0.93-1.01 mm; length of wing, © 2.2-2.5mm, 9 2.1-2.6 mm. 

Distribution: eastern Australia, from Mossman district, north Queensland, to 
Canberra district, Australian Capital Territory. 

Holotype o&. New South Wales: Wentworth Falls, Blue Mountains, 22.xi.1960, 
D.K.M. (AM). 

Paratypes. New South Wales: 3 0, 2 9, Wentworth Falls, xi.1959-1960, D.K.M. 
(AM, CNC); 1 0, Mount Wilson, Blue Mountains, ix.1974, D.K.M. (AM). Australian 
Capital Territory: 2 0’, 3 9, Black Mountain, Canberra, vy, ix, x.1962-1981, I.F.C., J.C. 
(ANIC): 8 o&, 4 9, Blundell’s Creek, Brindabella Mts., 3 km E and 6 km NE of 
‘Piccadilly Circus’ ii, ix, x.1984-1985, Weir, Lawrence, Johnson (ANIC, CNC, some in 
alcohol). 

Other material. North Queensland: 2 0°, 1 9, Mount Lewis Rd, c. 5-8 mi (c. 8-13 
km) off Mossman-Mount Molloy Rd, iv.1967, D.H.C. (ANIC). 

Habitat. At Wentworth Falls P. collesst has been found on ferns on the south-facing 
escarpment near the edge of the spray zone of the waterfall. This area only receives 
insolation during summer. At Mount Wilson the species was found in a deep ravine in 
temperate rain forest under shaded, sheltered conditions. The specimens from Black 
Mountain were taken at light and one in a Malaise trap, in or near dry sclerophyll forest 
with no notable shelter from extremes of weather, although the climate here is dryer 
than other recorded localities. 
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T. R. NEw & C. N. SMITHERS. Two new species of Myrmeleon L. and new records of 


Myrmeleontini (Insecta, Neuroptera:Myrmeleontidae) from Australia. Proc. 
Linn. Soc. N.S.W. 114 (4): 189-194 (1994). 


Myrmeleon zebidee sp. nov. and M. mouldsorum sp. nov. are described and illustrated 
from specimens collected recently in northern Australia. Significant new distribution 
records are given for some other myrmeleontine species. 


T. R. New, Department of Zoology, La Trobe University, Bundoora, Victoria 3083, Australia and 
C.N. Smithers, The Australian Museum, College Street, Sydney, NSW 2000, Australia.manuscript 
received 26 June 1993; accepted for publication 20 October 1993. 


INTRODUCTION 


Antlions of the genus Myrmeleon L. are among the most widespread and diverse 
representatives of the Myrmeleontidae in Australia. Many occur in the semiarid or arid 
regions of the continent, and 20 species of the genus were recognised by New (1985). 
Whilst sorting recent acquisitions of Neuroptera in the Australian Museum collections, 
CNS found two new species collected in northern Australia by M. S. and B. J. Moulds. 
They are described and illustrated in this paper. Terminology of genitalic structures and 
abbreviations follow those of New (1985). Significant new distribution records of eight 
other species of Myrmeleontini are given, to augment the information on distribution of 
species given by New (1985). 


Myrmeleon zebidee sp. nov. 
(Figs 1-7) 
Types: Holotype, male, Western Australia, Zebidee Springs, El Questro Stn., E. 
Kimberley, 28 Dec. 1991, M. S. and B. J. Moulds. Paratype, male, Northern Territory, 
110 km E of Kununurra, Victoria H-way, 26 Dec. 1991, M.S. and B. J. Moulds. Both in 
Australian Museum, Sydney. Both lack antennae, right wing tips of paratype abraded. 


Coloration: Eyes black. Body yellow to pale brown. Face: dark brown, a narrow cream 
arc along anterior of antennal socket, frons otherwise dark; clypeus pale basally, median 
third with dark brown band, two long black central setae; labrum pale, with six black 
setae. Apical segment of maxillary palpi dark. Vertex darker than face; a median brown 
stripe, dark anterior and posterior lateral spots, setae dark. Pronotum: median 
brown stripe, broader posteriorly where about % width of notum; long pale setae. 
Mesonotum: anterior scutal lobe black anteriorly, lateral scutal lobes with elongate 
black spots, anterior of scutellum black. Metanotum with similar but smaller lateral and 
scutellar markings. Pleura with black marks on most sclerites, including base of costa. 
Legs otherwise pale, except apices of tarsal segments slightly darker brown; femora and 
tibiae with sparse black bristles; tibial spurs dark brown. Abdomen: tergites yellowish 
brown, sternites slightly darker; ectoproct, most of tergite [X, apex of sternite IX pale. 
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Wings unmarked; venation pale yellow except C dark grey; setae dark on GC, Sc, R1 of 
both wings, otherwise pale. 
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Figs 1-7. Myrmeleon zebidee sp. nov.: 1, fore wing; 2, hind wing; 3, male, apex of abdomen, lateral with inset of 
sternite LX, ventral; 4-6, genitalic complex (4) lateral, (5) dorsal, (6) caudal; 7, parameres, ventral, with inset 
of anterior aspect. Scale in mm, to Fig. 3. 


Morphology: Slender. Pronotum slightly wider than long. Tibial spurs <tl. Wing 
venation as in Figs 1, 2; rather dense. Abdominal apex as in Fig. 3: ectoproct large, with 
ventral group of ca 12 thickened black setae; sternite [X tapered, with long black apical 
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and preapical setae. Genitalia (Figs 4-7): gonarcus broad, dorsal median region broadly 
spiculate; parameres long, convergent anteriorly, with dorsomedially curved apical 
process, groups of ventral medial and external hairs. 


Dimensions: (mm, holotype first). Fore wing length 30, 30; hind wing length 28, 28; 
body length 32, 31. 


Comments 

The uninterrupted single pronotal stripe and the two rows of fore wing cells distally 
between vein CuA1 and the posterior Banksian line lead this species to the final couplet 
(19) of the key to species of Myrmeleon in New (1985). Facial pattern and numerous 
genitalic details differentiate it readily from the two species (M. maculaclypeus New, M. 
sagittarius New) treated there. The deep ectoproct suggests a closer alliance with M. 
maculaclypeus, in which the male genitalia are relatively shallower and more elongate 
than in M. zebidee. M. maculaclypeus is also smaller, with the type series (Queensland, Mt 
Norman) fore wing length being 18-21 mm. 

The large size of the present species suggests alliance with taxa such as M. nigro- 
marginatus Esben-Petersen and M. comptus Gerstaecker, both of which are otherwise 
distinct on genitalic, venational and colour pattern details. The female of M. zebidee 
should be identifiable readily on colour pattern when it is discovered. 

The specific name refers to the holotype locality. 


Myrmeleon mouldsorum sp. n. 
(Figs 8-17) 
Types: Holotype, male, Western Australia, Durak R. X-ing, Gibb River Rd., E. 
Kimberley, 29 Dec. 1991, M. S. and B. J. Moulds. Paratypes, 7 males, 15 females, 2 sex 
indet. (abdomens missing), same data as holotype (all Australian Museum, Sydney. 


Other material examined: 2 females, Queensland, 8 km E of Emuford, 30 Dec. 1989, 
M. S. and B. J. Moulds; 1 female, Western Australia, 21 km W Pentecost R. X-ing, 
Gibb River Rd., 30 Dec. 1991, M.S. & B.J. Moulds (Australian Museum, Sydney). 


Coloration: Eyes black. Body yellow, with brown or black markings. Frons with broad 
black/dark brown band, a small median pale spot, anterior rim of antennal socket pale. 
Posterior of clypeus dark; anterior of clypeus, whole of labrum pale. Vertex with dark 
brown posterolateral spot each side of posterior midline. Palpi pale brown, apical 
segment of maxillary palpi darker. Antennae: Sc, p dark at apex; f pale except club 
darker brown, setae black. Pronotum pale lemon yellow, a small dark brown spot each 
side of midline near posterior margin and extending about 4% length of notum; setae 
pale. Mesonotum: anterior scutal lobe black anteriorly each side of pale midline, mark 
contiguous with broader black streak along lateral scutal lobes; small black spots near 
posterior base of each lobe and on wing base. Metanotum with similar but smaller black 
marks. Pleura dorsally pale, much of ventral and anterior regions of episterna black. 
Legs pale, except apices of tarsal segments brown; femora and tibiae with black bristles, 
tibial spurs dark brown. Abdomen: tergites brown laterally, sternites (except, male, IX) 
brown except at extremities of posterior segments; ectoproct and tergite IX (female) 
pale, tergite VIII (female) or [IX (male) with small brown streak. Wing venation mostly 
very pale yellow; Sc junctions with costal crossveins dark grey; C grey; setae on C 
(dense), Sc, Ri grey, otherwise pale; wings unmarked. 
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Figs 8-17. Myrmeleon mouldsorum sp. nov.: 8, fore wing; 9, hind wing; 10, female, apex of abdomen, lateral; 11, 
same, ventral; 12, spermatheca, lateral; 13, male, apex of abdomen, lateral, with inset of sternite IX, ventral; 
14-16, genitalic complex (14) lateral, (15) dorsal, (16) caudal; 17, parameres and median dorsal sclerite, 
ventral. Scale in mm to Figs 10, 13. 
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Morphology: Slender. Antennae with short incipient club. Pronotum about as wide as 
long. Tibial spurs equal or slightly > tl. Wing venation as in Figs 8, 9. 

Female (Figs 10-12). Apex of abdomen as in Figs 10, 11; ectoproct broad, with 
ventral group of ca 10 thickened black setae; tergite LX short and deep; tergite VIII 
with short tapered posteroventral projection with long black unthickened setae; 
lateral gonapophyses rounded, with ca 20 thickened black posterior setae; anterior 
gonapophyses large, with 8-10 thickened black apical setae; pregenital plate small, 
transverse. Spermatheca (Fig. 12) simple, duct coiled. 

Male (Figs 13-17). Apex of abdomen as in Fig. 13: ectoproct large, with ventral 
group of long black setae and few long black dorsal setae; tergite [IX broad; sternite [IX 
long, tapered, with long black setae on apical third. Genitalia (Figs 14-17): gonarcus 
rounded, apex transverse; parameres with dorsally reflexed apical process, anteriorly 
strongly convergent; a small U-shaped sclerite dorsal to parameres. 


Dimensions: (mm, range of type series given). Fore wing length: male 20-25, female 
22-24; hind wing length: male 19-23, female 20-23; antenna length 4%-5%; body 
length: male 23-27, female 21-24. 


Comments 

The two Emuford females, excluded from the type series, are slightly larger than 
the other specimens, with fore wing length of around 27 mm. In other respects they tally 
closely with Western Australian individuals, and appear to be conspecific with them. 

The reduced pronotal markings of this species are distinctive. In M. bifascratus New 
(to which this species keys in New 1985), the anterior gonapophyses are scarcely 
developed; they are unusually large in the present species, relatively larger than in any 
other Australian Myrmeleon. M. bifasciatus also has long lateral gonapophyses. The 
pronotal markings of the two species differ clearly. 

The species is named in honour of the collectors in appreciation of their efforts in 
adding so substantially to the Neuroptera holdings of the Australian Museum. 


ADDITIONAL DISTRIBUTION RECORDS 
Callistoleon erythrocephalum (Leach) 
Queensland. Agnes Water, 40 km. E. Miriam Vale. Lower Beechmont. 


Myrmeleon acer Walker 


Queensland. 55 km NNE Injune. Bald Hills Station, near Laura. Coominglah Range, 
24 km N Monto. Fraser Is. New Islet, Capricorn Group. Capella. Burra Range. 
Rolleston Creek. Nine mile Creek, 14 km NNW Miles. Bee Creek, 25 km SW Nebo. 
70 km S Blackwater. Carnarvon Range, 80 km N Injune. Blackdown ‘Tablelands, 
Expedition Range. Leo Creek, McIlwraith Range. Coen. Moorhead River crossing, 
NW Laura. 40 km WNW Goondiwindi. 80 km NNE St George. Amby, W Roma. 
Bungil Creek, 16 km N Roma. 45 km E Cloncurry. Forty Mile scrub, 65 km NW Mt 
Garnet. New South Wales. Lansdowne. Pearl Beach. Mt Tomah. Gibralter National 
Park. Grose Vale, near Richmond. Kandos. Wheeney Creek, near Kurmond. Glenorie, 
near Sydney. 28 km SE Tambo. Huonbrook. Bonnet Bay. Inverell. 65 km W Cobar. 
Brunswick Heads. Junction Barradine Rd. and Newell Highway. Maccullochs Range, 
Barrier Highway. Victoria. McKillopp’s ridge, Snowy River. South Australia. Stuart 
Highway, 56 km S Northern ‘Territory border. Pichi Richi Pass, near Port Augusta. 
Western Australia. Gardner River crossing, Chesapeke Road. Israelite Bay. 160 km E 
Kalgoorlie. Warren Road, 6 km SE Pemberton. 6 km S Mayoreth. Arthur River, 9 km E 
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Darken. Kalgarin. Glen Gerald Gorge, Rawlinson Range. Rebecca Creek. Chapman 
Pool, Blackwood River. Kalgoorlie, 25 km E Sandstone. 18 km SE Leinster. 85 km N 
Agnew. Lake Douglas, 12 km SW Kalgoorlie. 12 km E Denmark. Donnelly River, 23 km 
W Manjimup. Northern Territory. Reedy Rockhole, near King’s Canyon. ‘Taylor’s 
Creek, N Barron Creek. Trephina Gorge, 70 km ENE Alice Springs. 


Myrmeleon diminutus Esben-Petersen 
South Australia. Mt. Illbillee, Everard Range. 


Myrmeleon houstont New 


New South Wales. 30 km NNW Wentworth. Bogan River. Victoria. Wyperfeld 
National Park. Western Australia. Wongan Hills, N Northem. 5 km W Moorine Rock, 
near Southern Cross. Kalgoorlie area. Arthur River, Darkan. 


Myrmeleon maculaclypeus New 


Queensland. 8 km S Clermont. 


Myrmeleon pictifrons Gerstaecker 
New South Wales. Clarence, Blue Mts. Mt Tomah. Iluka. Terania Creek. Tamworth. 


Myrmeleon regularis Esben-Petersen 


Queensland. Clermont. Heathland HS, Cape York Penin. Iron Range. Lockhard 
River Mission. Claudie River, near Mt Lamond. Drummond Range, E Alpha. Cairns. 
Jardine River, 11.758 142.35E. Dulhunty crossing, Cape York Penin. South Australia. 
Innamincka. Western Australia. Marble Bar. Karratha. Tunnel Creek, Derby. Winjara 
Gorge, 140 km E Derby. Fitzroy crossing. Broome. Kalbarrie. Northern Territory. 
Reedy Rockhole, George Gill Range. 


Myrmeleon uptont New 
Queensland. Forty Mile scrub, 65 km NW Mt Garnet. 30 km N Cooktown. 
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Stratigraphy and Depositional Environments 
of the Northern Capertee High 
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J. G. GAMPBELL, A. G. COOK and B. D. MILLSTEED 


PEMBERTON, J. W., COLQUHOUN, G. P., WRIGHT, A. J., Boorn, A. N., CAMPBELL, J. 
C., Cook, A. G., & MILLSTEED, B. D. Stratigraphy and Depositional Environ- 
ments of the Northern Capertee High. Proc. Linn. Soc. N.S.W. 114 (4): 195-224 
(1994). 


Near the northeast margin of the exposed Lachlan Fold Belt, in the Cudgegong- 
Mudgee-Rylstone-Kandos district, the northern Capertee High was a shallow marine 
to subaerial palaeogeographic entity from the Late Silurian until the earliest Middle 
Devonian. Rocks of the former Capertee High are preserved in the Capertee Anti- 
clinorium, together with Late Ordovician basement, Late Devonian fluvial to shallow 
marine sediments of the Lambie Group, Middle Carboniferous granitic intrusions and 
to earliest Permian silicic pyroclastics, lavas and epiclastics of the Rylstone Volcanics. 
The Permo-Iriassic Sydney Basin succession conceals eastern portions of the Capertee 
High. 

The Late Ordovician Cudgegong Volcanics are the products of basaltic and 
andesitic submarine volcaniclastic debris flows; geochemical data indicate an affinity 
with calc-alkaline lavas erupted in island arc settings. By comparison, coeval units to 
the east (Coomber Formation and Lue beds) represent deep water volcaniclastic and 
quartz-rich turbidites and debris flows, with radiolarian chert. Ordovician strata may 
represent rifted basement for the Capertee High which was established at the same time 
as the opening of the Hill End Trough. 

Following an Early Silurian hiatus, voluminous shallow water silicic volcanics and 
associated epiclastics dominated the emerging Capertee High. In the Cudgegong- 
Mudgee district, a Wenlockian to Ludlovian, shallow marine to emergent succession of 
clastics and carbonates (Willow Glen Formation) is overlain by thick subaerial dacite 
lava and breccia (Windamere Volcanics) and laterally equivalent, shallow marine 
volcaniclastics (Toolamanang Formation), with an uppermost shallow marine shelf unit 
(Millsville Formation). Coeval shallow marine sequences to the east and northeast 
(Moonbucca Formation and Dungeree Volcanics) formed in a siliciclastic/carbonate 
mass flow apron which interdigitated with a dacitic volcanic pile. 

Extensive Early Devonian strata on the platform areas of the northern Capertee 
High were dominated by the early Lochkovian to middle Emsian Kandos Group, 4000 
m of fine- to coarse-grained clastics, carbonates and silicic volcanics deposited in a 
variety of shallow marine and subaerial environments which were affected by a number 
of transgressions and regressions. The Kandos Group is best exposed in the 
Cudgegong-Rylstone-Kandos district; however, upper units of the Kandos Group 
identified from the Capertee Valley in the south to the Mount Knowles-Mount Frome 
area in the north, indicate the Capertee High was an elongate entity persistent during 
the Early Devonian. Conodont data suggest that sedimentation in the Mount Frome 
Limestone continued into the earliest Eifelian (Middle Devonian). 

By comparison, the late Lochkovian to late Emsian sequences of the Queens 
Pinch Belt were deposited in fans and aprons adjacent to the western margin of the 
northern Capertee High and are characterised by mass flow volcaniclastics, siliciclastics 
and carbonates, with thick mudstone intervals. Vast volumes of detritus were 
transported to the west across the platform and were redeposited marginal to the 
Capertee High as well as providing fill for the Hill End Trough. 

Regression in the earliest Middle Devonian effectively terminated deposition on 
the northern Capertee High, although major deformation of the strata did not occur 
until the Early Carboniferous. 


J. W. Pemberton, G. P. Colquhoun, A. J. Wrght, A. N. Booth, J. C. Campbell, A. G. Cook and 
B. D. Millsteed, University of Wollongong, Northfields Avenue, Wollongong, N.S.W. 2522; 
manuscript received 23 June 1993, accepted for publication 20 October 1993. 


INTRODUCTION 


Rocks of the Capertee High occur at the northeast margin of the exposed Lachlan 
Fold Belt (Fig. 1) and are now largely preserved in the Capertee Anticlinorium. 


PROC. LINN. SOC. N.S.W., 114 (4), 1994 


196 STRATIGRAPHY AND ENVIRONMENTS OF CAPERTREE HIGH 


udgee 


NORTHERN 
CAPERTEE | 


Windamere 
Dam wall 


m Kandos 


oO 
C7 Capertee 
Valley | @Mt 
re) e) Bocoble 
U 
/ 


O 
Aarons 


Pass 


Sydney Basin Sen sehen 


Late Devonian Early Devonian 


Ordovician ee F 
ESiian Hill End Trough 


km 


Fig. I. Regional setting for the northern Capertee High, together with localities in the Mudgee-Cudgegong- 
Rylstone-Kandos district. 


Packham (1960, 1968, 1969) originally defined the Capertee Geanticline as a discontinu- 
ous belt of Late Silurian to Early Devonian shallow marine strata from the Mudgee- 
Cudgegong district in the north (herein described as the northern Capertee High) 
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Fig. 2. Stratigraphic sequences on the northern Capertee High. 


PROC. LINN. SOC. N.S.W., 114 (4), 1994 


198 STRATIGRAPHY AND ENVIRONMENTS OF CAPERTREE HIGH 


extending to the south through the Sofala district. Subsequent authors have referred to 
the Capertee High as a series of volcanic islands with fringing carbonate areas (Powell, 
1984); a broad platform with a thin shallow water succession (Pickett, 1982; Powell, 
1984); or generalised shallow marine deposition with local land areas (Cas, 1983). The 
aim of this paper is to provide stratigraphic evidence for the existence and subsequent 
development of depositional environments of the northern parts of the Capertee High. 
The result is a synthesis of mapping principally by University of Wollongong students 
and staff, together with theses from other N.S.W. universities. 
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Fig. 3. Geology of the northern Capertee High. 


The northern Capertee High (Pemberton e¢ al., 1991) encompasses Late Ordo- 
vician basement, together with Late Silurian to earliest Middle Devonian sequences 
(Fig. 2) best known from Mudgee in the north to the Cudgegong-Rylstone-Kandos 
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district in the southeast (Fig. 3). The district is traversed by the Cudgegong River and 
the village of Cudgegong now lies under Lake Windamere. 

Capertee High strata continue to the south through the Sofala-Limekilns area and 
to the southeast in the Capertee Valley (Fig. 1). Rocks of the northern Capertee High are 
faulted against Hill End ‘Trough strata to the west; overlain by the Late Devonian 
Lambie Group; intruded by Carboniferous granite; and overlapped in the east by the 
Permo-lriassic Sydney Basin succession. 


LATE ORDOVICIAN 


The oldest strata recognised in the region are Late Ordovician rocks assigned to the 
Cudgegong Volcanics (Pemberton, 1989), the Coomber Formation (Colquhoun, 
unpubl. data) and the Lue beds (Day, 1961). 

The Cudgegong Volcanics (Fig. 4; Table 1) are Late Ordovician (Gisbornian) 
basaltic and andesitic arenite, breccia and rare lava deposited by volcaniclastic debris 
flows on the flanks of submarine volcanoes with minor fringing carbonate areas 
[detailed descriptions in Pemberton (1989 and 1990)]. Basalt and andesite lavas of the 
Cudgegong Volcanics have major, trace and rare earth element characteristics typical of 
calc-alkaline lavas from island arc settings (Pemberton and Offler, 1985; Pemberton, 
1990; Pemberton, in prep.) and their chemistry does not support the shoshonitic affinity 
proposed by Wyborn (1992). 

The Coomber Formation, by comparison, consists of thick- and thin-bedded 
volcarenite, mudstone and radiolarian chert with minor andesite flows, allochthonous 
limestone blocks and debris flow conglomerate, deposited as a deep marine volcanic- 
lastic apron, with prolonged pelagic periods interrupted by turbidites and debris flows 
(Colquhoun, unpubl. data). The extensive, yet poorly known, Lue beds include quartz- 
rich clastics and volcaniclastics, chert and minor conglomerate, of probable deep water 
origin. Ordovician (latest Darriwilian to earliest Gisbornian) conodonts have been 
identified from chert collected from Bara Creek, just west of Lue (Fergusson and 
Stewart, in prep.). 

The Coomber Formation was a probable lateral equivalent of the Lue beds (Fig. 4) 
and its tentative Ordovician age is based on lithological and stratigraphic similarities to 
other Ordovician strata in the eastern Lachlan Fold Belt (Cas, 1983; Powell, 1984). The 
Coomber Formation and the Lue beds represent deeper water conditions to the east of 
the Cudgegong Volcanics. A similar configuration is reported to the south from the 
Sofala-Palmers Oakey area (Packham, 1968; Bischoff and Fergusson, 1982; Fell, 1984). 

There are no known Llandoverian strata on the northern Capertee High. Contacts 
with the overlying Wenlockian to Ludlovian rocks are probably unconformable, 
although not observed. It has been proposed that rifting associated with the Benambran 
Orogeny caused the opening of the Hill End Trough and the establishment of the Caper- 
tee High (Gilligan and Scheibner, 1978). The Cudgegong Volcanics would, in this 
model, represent rifted basement for the Capertee High. 


LATE SILURIAN 


Late Wenlockian to Ludlovian rocks crop out in the Carwell Creek area and in the 
Cudgegong-Mudgee district. The sequences are recorded, for convenience, as Late 
Silurian age based on the twofold division of the Silurian by the IUGS subcommission 
on Silurian Stratigraphy (Holland, 1985). 


Carwell Creek area 
The Moonbucca Formation (Figs 4 and 5; Table 2) consists of mass flow- to 
suspension-deposited clastics, including basal conglomerate (with clasts of the Coomber 
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Formation), litharenite, limestone breccia and calcarenite (with a late Wenlockian to 
Ludlovian fauna), mudstone and allochthonous jasper and limestone blocks. These 
lithologies interdigitate with a northward thickening unit of dacite lava, autoclastics and 
intraformational volcarenite (Colquhoun, unpubl. data). The depositional setting was a 
subaqueous mass flow apron with an associated silicic volcanic pile which accumulated 
at shallow depths on a northwest facing slope. Poorly known dacite lava and volcani- 
clastics, with minor mudstone, conglomerate and limestone, near Lue (the Dungeree 
Volcanics) are probable lateral equivalents of the Moonbucca Formation (Fig. 4). 


Permian 


a 
Mudgee 


Carboniferous 


Granite 


Hill End Trough 
strata 


LATE SILURIAN 


Cudgegong-Mudgee belt 
Cudgegong 


Moonbucca Formation 


Dungeree Volcanics 


es (Ey 


LATE ORDOVICIAN 


Cudgegong Volcanics 


Coomber Formation 


Eee 


Fig. 4. Late Ordovician and Late Silurian units on the northern Capertee High. 


Cudgegong-Mudgee district 
A similar, yet much thicker, succession of conformable Wenlockian to Ludlovian 
shallow marine to probably emergent units occurs in the Cudgegong-Mudgee district 
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[Figs 4 and 5; Table 2; detailed descriptions in Pemberton (1989 and 1990)]. The Willow 
Glen Formation (conglomerate, pebbly arenite and arenite; mudstone and limestone 
with a late Wenlockian to early Ludlovian fauna) was deposited in a southeast-facing 
coastal zone which included fluvial channels, subtidal to supratidal flats (Jones et al., 
1987) and more open marine shelf conditions (Fig. 6A). 


Post Devonian PATE SICURIAN 


MILLSVILLE FORMATION 
Devonian strata 


TOOLAMANANG 
Cudgegong FORMATION 
Volcanics 


WINDAMERE VOLCANICS 


WILLOW GLEN 
FORMATION 


Volcanics 


Early Devonian 


Coomber Formation 


limestone breccia 


conglomerate 


dacite 


Fig. 5. Geology of the Cudgegong-Mudgee Belt and the Moonbucca Formation (inset). 
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Fig. 6. Palaeogeographic reconstructions for A — Willow Glen Formation; and B — Windamere Volcanics, 
‘Toolamanang Formation and Millsville Formation. 


mS Willow Glen Fm 


The overlying Windamere Volcanics are characterised by thick, undifferentiated 
dacite lava and breccia, with common rhyolite horizons, possibly emplaced as a 
subaerial to very shallow marine lava dome or perhaps cryptodome. The Toolamanang 
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Formation is a thick succession of fine- to coarse-grained lithic arkose to feldspathic 
litharenite with common very fine ash-sized horizons, fine-grained breccia and sporadic 
basaltic blocks. The unit is considered a lateral equivalent to, and a fragmental version 
of, the Windamere Volcanics produced by dense, gravity-driven, shallow marine 
volcaniclastic flows of ash-sized dacitic detritus, with associated mudflows of the finer 
detritus, both of which incorporated some eroded basement material (Fig. 6B). 

This was followed by a period of localised volcanic quiescence during which breccia 
(limestone, dacite and rhyolite clasts), limestone, mudstone, and dacitic conglomerate 
and breccia of the Millsville Formation were deposited. The limestone and mudstone 
contain a Wenlockian to Ludlovian fauna with similarities to that of the Willow Glen 
Formation. The unit was deposited on a shallow marine shelf with initially extensive 
bank and lagoon deposits subsequently affected by limestone bank collapse into slightly 
deeper water. 

In the Sofala district, thinner and more localised equivalents of the Willow 
Glen Formation (the Tanwarra Shale) and the Windamere Volcanics-loolamanang 
Formation (the Bells Creek Volcanics) are recognised (Packham, 1968; Bischoff and 
Fergusson, 1982). There is no Millsville Formation equivalent in the Sofala district as 
the Bells Creek Volcanics are conformably overlain by deep water Hill End Trough 
strata. Thick sequences of volcaniclastics, with silicic and intermediate lava, mudstone 
and limestone, crop out between Mudgee and Gulgong (the Eurundury Formation; 
Offenberg et al., 1971; Armstrong, 1983) and between Gulgong and Dunedoo (the 
Tucklan beds; Offenberg et a/., 1971); these poorly known sequences remain undated and 
their relationship to the Late Silurian sequences in the Cudgegong-Mudgee district is 
unknown. 

Comparison of the Ordovician and Silurian strata on the northern Capertee High 
shows clear differences in geochemistry and depositional environments. From the 
Wenlockian, voluminous shallow water silicic volcanics and associated epiclastics typify 
activity on the emerging Capertee High. 


EARLY DEVONIAN 


Early Devonian strata crop out extensively on the northern Capertee High in the 
Cudgegong-Rylstone-Kandos district and to the north of Ilford; in the Queens Pinch 
Belt; and in the Mount Frome-Mount Knowles district. 


Kandos Group in the Cudgegong-Rylstone-Kandos district 

An essentially conformable succession of Early Devonian (early Lochkovian to 
middle Emsian) shallow marine to subaerial units in the Cudgegong-Kandos district 
was redefined as the Kandos Group (Figs 7 and 8; Table 3), by Pemberton et al. (1991), 
named after Sussmilch’s (1934) Kandos Series. 


Warrah Conglomerate (Campbell, 1981) 

The early Lochkovian Warrah Conglomerate is restricted to the southeast of the 
district (Fig. 7) where it overlies Late Silurian strata with a disconformable to low-angle 
unconformable contact. The unit is a fining-upwards sequence of pebble-granule 
conglomerate (containing clasts of various elements of the Moonbucca Formation) and 
pebbly litharenite with subordinate litharenite, mudstone and limestone, the latter 
containing a sparse benthonic fauna (Table 3). The strata represent a transgressive, 
nearshore, shallow marine sequence in a wave-dominated, fan delta setting. 


Clandulla Limestone (Pemberton et al., 1991) 
The overlying early to middle Lochkovian Clandulla Limestone is best exposed in 
the Kandos quarries (Fig. 7) where conformable contacts with the underlying Warrah 
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Rylstone ici 
fo] Permian pe Late Devonian Ordovician 
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Fig. 7. Geology of the Kandos Group between Cudgegong and Rylstone. 
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Conglomerate and overlying Yellowmans Creek Formation, and the succession through 
the formation, are evident (Cook, 1988b). The unit comprises extensive shallow marine 
(depths of 0 to 24 m) carbonate deposition with biostromal and biohermal buildup 
dominated by stromatoporoid-Thamnopora communities and associated lagoon muds, 
forereef, interreef and backreef facies. The formation grades upwards into the Yellow- 
mans Creek Formation reflecting deepening and a transition to more clastic 
sedimentation. 


Yellowmans Creek Formation (Millsteed, 1985) 

The middle Lochkovian Yellowmans Creek Formation crops out extensively in the 
Carwell Creek valley and to the east of Cudgegong as mudstone, calcareous mudstone, 
limestone, sublitharenite and volcaniclastic arenite and breccia. The sequence indicates 
fairweather suspension deposition of fine-grained siliciclastic detritus, together with 
carbonate mounds, periodically interrupted by distal storm-generated incursions of 
quartz-rich sand and minor volcaniclastic debris flows on a low energy, subtidal 
muddy shelf. The formation represents the peak of the transgressive cycle which began 
during deposition of the Warrah Conglomerate and continued through the Clandulla 
Limestone. An increasing proportion of coarser grained clastics near the top of the unit 
indicates shallowing associated with initiation of regressive conditions which continued 
during deposition of the overlying sandstone-dominated Roxburgh Formation. 


Roxburgh Formation (Pemberton, 1980a) 

The late Lochkovian-?early Pragian Roxburgh Formation occurs to the east of 
Cudgegong, along the Carwell Creek valley and to the north of Ilford (Colquhoun, in 
prep.). The formation thickens remarkably from 50 m in the east at an offlap contact 
with the Yellowmans Creek Formation near Carwell Creek (Fig. 8B) to a maximum 
of 750 m just east of Cudgegong (Fig. 8A). Lithologies include quartzarenite and 
sublitharenite with subordinate mudstone, litharenite, conglomerate, accretionary 
lapilli tuff and rare limestone. The unit yields, at several localities, an abundant shallow 
marine fauna dominated by brachiopods (‘Table 3). 

Facies relationships indicate numerous cycles of small-scale (4 to 60 m thick) 
progradation and minor retrogradation superimposed on an overall upward-shallowing 
(regressive) trend (Colquhoun, in prep.). The depositional setting was a storm- 
dominated, southwest-sloping, shallow marine shelf, with outer to inner shelf, shoreface 
and coastal plain environments, flanked to the east by an eroding silicic volcanic terrain 
with some active volcanism, albeit distal to the setting. Palaeocurrent data indicate 
storm waves approached from the west-northwest producing dominantly southeast- 
directed longshore (on the shoreface) and southwest-directed offshore return currents 
over the shoreface and shelf. 


Riversdale Volcanics (Wright, 1966) 

The Pragian Riversdale Volcanics crop out extensively in the south of the district 
(Fig. 7) as dominantly welded, and lesser non-welded, purple dacitic ignimbrite (Fig. 
8A). The unit thins very markedly to the west and north where it consists of dacite lava, 
immature coarse epiclastics and airfall tuff. Variation in both thickness and facies 
suggests emplacement of thick silicic intracaldera ignimbrites, with an explosive source 
to the south, which pass laterally to thin, coeval, shallow marine outflow equivalents. 
The base of the Volcanics is locally disconformable and implies a period of subaerial 
exposure prior to deposition of the thick subaerial ignimbrites. ‘Towards the top of the 
sequence, reworking of dacitic detritus in a fan delta setting indicates the start of 
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another transgressive cycle. The reworked horizon contains the brachiopod Jredistrophia, 
which is found throughout the late Lochkovian-?early. Pragian Roxburgh Formation, 
suggesting that any hiatus between the units was not prolonged. Furthermore, the 
Volcanics pass conformably into the Emsian Carwell Creek Formation, thereby 
constraining the age of the Volcanics to Pragian-early Emsian. 


1200 


550 


Pemberton (1980a) Millsteed (1985) Cook (1988a and b) Colquhoun (unpubl. data) 


A B 


Fig. 8. A — sections through the Kandos Group. B — cross-section across the Kandos Group. Legend as in 
Fig. 7. Thickness in m. 
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Carwell Creek Formation (Offenberg et al., 1971) 

Stratigraphically the highest and most areally extensive unit of the Kandos Group, 
the early to middle Emsian Carwell Creek Formation crops out widely through the 
Cudgegong-Kandos district (Fig. 7) with probable equivalents to the south in the 
Capertee Valley and north as far as Mount Knowles. A discontinuous series of basal 
limestone and dolomite is defined herein as the Glendale Limestone Member (Table 3). 
The member and its lateral equivalents conformably overlie the Riversdale Volcanics, 
except in the east where the Carwell Creek Formation onlaps both the Clandulla 
Limestone and Late Silurian rocks (Fig. 8B). Maximum preserved thickness is 1230 m 
in the northeast; however, the top of the formation 1s nowhere exposed. 

Lithologies include litharenite, crinoidal litharenite, pebbly litharenite and 
conglomerate as well as limestone and dolomite. The unit contains an abundant shallow 
marine fauna. The brachiopods Buchanathyris and Spinella suggest an earliest Emsian 
(dehiscens Zone) age (Garratt and Wright, 1988) and, in addition, dehiscens to perbonus 
Zone conodonts have been recovered from a number of localities (Table 3). The strata 
represent foreshore to inner shelf deposits influenced by fairweather- and storm-wave 
activity. The Glendale Limestone Member was mostly deposited in a restricted lagoon, 
suggesting a system of barrier islands and carbonate banks sheltering parts of the 
coastline. The setting was a broad, gently southwest-sloping shelf with rapid erosion of 
the Ordovician basement and the Riversdale Volcanics to the east and south. Some 
dacitic volcanoes remained active, possibly forming islands in the shallow shelf. The 
depositional phase was dominantly transgressive punctuated by brief regressive 
intervals and apparently long periods approaching aggradation. 

Transgressive/regressive patterns recorded from the Kandos Group are similar to 
patterns recorded from various Australian basins, as well as on a world wide scale. 
Precise correlation of these trends, based on on-going conodont studies (Colquhoun), 
with eustatic sea level curves suggests a strong eustatic rather than tectono-sedimentary 
control on sedimentation patterns (Colquhoun et al., in prep.). 


Kandos Group north of Ilford 

Early Devonian strata containing elements of both the Kandos Group and 
marginal Capertee High successions crop out in limited exposures to the north of Ilford 
(Booth, 1990; Colquhoun, unpubl. data). The strata are faulted against the ‘Toola- 
manang Formation in the west and unconformably overlain by Permian strata in the 
north, east and south (Fig. 9). The basal Warrah Conglomerate comprises up to 280 m 
of pebble-granule conglomerate, with litharenite horizons, deposited in a fluvial to 
shallow marine setting. The unit is ?conformably overlain by the Roxburgh Formation, 
325 m of quartzarenite, sublitharenite and mudstone. Equivalents of the Clandulla 
Limestone and Yellowmans Creek Formation are missing from the Ilford area, 8 km 
south of the Carwell Creek area. 

The Roxburgh Formation is apparently faulted against the Kingsford Formation 
(new name; Colquhoun, unpubl. data), at least 250 m of slope-deposited, mass flow 
volcaniclastic arenite and limestone breccia, with hemipelagic mudstone, and allo- 
chthonous and possibly autochthonous limestone. A thin clastic horizon towards the top 
of the formation contains a rich benthic fauna including the zonal brachiopod Boucotia 
australis (Booth, 1990) suggesting a late Lochkovian age (Garratt and Wright, 1988). 
Preliminary conodont studies (Colquhoun et al., in prep.) suggest a latest Lochkovian to 
early Pragian age (fesavis to sulcatus Zone). The Kingsford Formation is apparently a 
correlative of the lower parts of the Mullamuddy Formation of the Queens Pinch Belt, 
approximately 25 km to the northwest. 
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Fig. 9. Geology of A — the Kandos Group north of Ilford; B — the Mount Frome area; and C — the Queens 
Pinch Belt. 
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Queens Pinch Belt 

The Queens Pinch Belt of Early Devonian strata, centred 16 km southeast of 
Mudgee, is separated from the Hill End Trough sequence to the west by the Wiagdon 
Thrust, and to the east and south by faulted and locally disconformable contacts with 
Late Silurian rocks (Fig. 9). The sequence at Queens Pinch consists of sedimentary and 
volcanic rocks which were mostly deposited in slope and base of slope settings along the 
western margin of the northern Capertee High. The Devonian sequence is preserved in 
a number of fault-bounded, wedge-shaped blocks which are internally characterised by 
numerous, open to tight, gently plunging folds, with local overturning on the limbs 
(Wright, 1966). A number of stratigraphic, often fault-bounded and richly fossiliferous 
units have been recognised. 


Mullamuddy Formation (Wright, 1966) 

The formation consists of approximately 780 m of thickly bedded volcaniclastic 
arenite and conglomerate, lenses of conglomerate containing limestone blocks, 
mudstone, and a basalt lava horizon and fine- to very coarse-grained fragmental 
equivalents (Wright, 1966; Powis, 1975; McCracken, 1990). The basalts are 
petrographically and chemically similar to basalts from the Ordovician Cudgegong 
Volcanics. 

Mainly brachiopod faunas have been recorded from two horizons (Wright, 1966, 
1969). ‘The lower fauna is indicative of a late Lochkovian age (australis Zone; Garratt and 
Wright, 1988). Conodonts obtained by McCracken from limestone clasts from 
stratigraphically higher conglomerates indicate a maximum age of sulcatus Zone (early 
Pragian). The higher of the two shelly faunas contains the stratigraphically important 
brachiopod Nadastrophia, indicative of the Pragian Nadiastrophia-loyolensis zone (Garratt 
and Wright, 1988). 

The depositional environment is envisaged as a volcaniclastic apron with mass 
flows of arenite, conglomerate, and limestone blocks alternating with quieter periods 
dominated by hemipelagic suspension deposition of mud. The unit was deposited 
during a period of major subaerial silicic volcanism on the platform of the Capertee 
High, accounting for the sporadic, high volume influxes of volcaniclastic sediment. The 
unit probably formed part of a low stand system tract apron or fan which formed along 
the western Capertee High margin during the early to middle Pragian as volcanic 
material was rapidly redeposited from the largely subaerial shelf areas. 


Taylors Hill Formation (Wright, 1966) 

The formation conformably overlies the Mullamuddy Formation and comprises up 
to 240 m of dark mudstone, thinly bedded volcarenite, lenses of basaltic conglomerate 
and fossiliferous, massive to well-bedded, allochthonous and possibly also allodapic 
limestone (Wright, 1966, 1969). Good, although comparatively small, faunas were 
obtained by Wright (1966) from the base and near the faulted top of the unit, and may 
both be correlated (due to the presence of Nadiastrophia and the tetracoral Martino- 
phyllum) with the Nadtastrophia-loyolensis assemblage of Garratt and Wright (1988), which 
spans most of the Pragian. In addition, a Pragian (possibly sulcatus to kindle: Zones: 
Garratt and Wright, 1988) conodont fauna is known from this unit. Depositional 
environments were similar to the Mullamuddy Formation with relatively prolonged 
periods of hemipelagic suspension and only minor turbidity currents of arenite. The 
decrease in volcanic material may indicate a cessation of volcanism, and possibly higher 
sea levels, on the platform areas of the Capertee High. 
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Warratra Mudstone (Wright, 1966) 

This unit was originally defined by Wright (1966) as 120 m of grey mudstone 
underlying the Sutchers Creek Formation. McCracken (1990) altered the definition to 
include limestone conglomerate, lithic arenite and mudstone which Wright had placed 
in the overlying Sutchers Creek Formation. Here we recognise the two formations in 
their original sense. The Warratra Mudstone has a sparse macrofauna including rare 
Spinella; which is important in indicating a dehiscens Zone (earliest Emsian) age (Garratt 
and Wright, 1988). The unit was deposited during a major transgressive phase, which 
was responsible for deposition of part of the Carwell Creek Formation and _ its 
correlatives. 


Sutchers Creek Formation (Wright, 1966) 

The formation consists of up to 180 m of limestone conglomerate and blocks, 
usually commencing with an arenaceous turbidite unit; pebbly mudstone intervals and 
allodapic limestone are equally characteristic of the unit, which conformably overlies 
the Warratra Mudstone (Wright, 1966; McCracken, 1990). Wright (1966, 1969) listed 
extensive tetracoral and brachiopod faunas. Garratt and Wright (1988) noted perbonus 
Zone conodonts whereas McCracken recorded ferbonus to early serotenus Zone conodonts 
from allodapic limestone, thus indicating a longer age span for the unit. Depositional 
environments were similar to those of the Warratra Mudstone yet with more and coarser 
lithic and limestone detritus; that is, a carbonate debris flow apron with extensive 
periods of hemipelagic sedimentation. The increase in carbonate detritus probably 
reflects regression and subsequent erosion of platform carbonate from the shelf areas of 
the Capertee High providing detritus for the Sutchers Creek Formation. 


Ingleburn Formation (Wright, 1966) 

The unit crops out as a fault-bounded block which contains 550 to 600 m of basal 
dacite lava, fossiliferous mudstone, conglomerate (with dacite clasts), andesite lava, 
cross-bedded quartzarenite and conglomerate (with dacite and quartzarenite clasts) at 
the top (Wright, 1966, 1969). Original age determination based on coral and brachiopod 
faunas (Wright, 1966, 1969) suggested a position in the sequence between the Taylors 
Hill Formation and the Warratra Mudstone (1.e., late Pragian-earliest Emsian). Garratt 
and Wright (1988) subsequently recorded inversus Zone (middle Emsian) conodonts, 
thus indicating partial equivalence with the Sutchers Creek Formation. The sampled 
limestone may be allochthonous and hence would give a maximum age for the unit. The 
depositional environment was at most an outer shelf/slope setting dominated by mass 
flows producing conglomerate and arenite, alternating with suspension sedimentation. 
This unit contains the youngest primary volcanics on the Capertee High as no 
correlatives from the platform areas are known; thus volcaniclastic deposition marginal 
to the Capertee High continued until very late in the Early Devonian. 


Mount Frome-Mount Knowles area 

In the vicinity of Mount Frome (Fig. 9), a distinctive Early to Middle Devonian 
sequence was recognised by Wright (1966), consisting of two formations: the lower 
Mount Frome Limestone, and the overlying Boogledie Formation (originally named 
the Melrose Formation). 


Mount Frome Limestone (Wright, 1966) 

The Mount Frome Limestone (6 km east of Mudgee) has been accorded either 
formation status (Wright, 1966) interdigitating with the Boogledie Formation or 
member status in the Boogledie Formation (Hewitt, 1975; Malnic, 1978; Powell and 
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Edgecombe, 1978). Some authors (e.g., McCracken, 1990) suggested that the limestone 
may be allochthonous; however, conformable, autochthonous relations with surround- 
ing sediments can be demonstrated. The Mount Frome Limestone is between 178 m 
(Wright, 1966, 1981) and 238 m (Pickett, 1978, 1987) thick, depending on whether 
separate outcrops near the Cudgegong River are included. The unit consists of beds of 
dark blue-grey calcarenite, from several cm to at least 6 m thick, separated by thick, 
sparsely fossiliferous, silty calcareous intervals. The Limestone contains rich tabulate 
and rugose coral and subordinate brachiopod faunas. A biostromal depositional 
environment, rich in food and oxygen, is envisaged (Wright, 1966). Birdseye textures 
are present, typically in the middle and lower parts, indicating ephemeral intertidal or 
supratidal conditions. Conodont studies (Philip, 1974; Pickett, 1978, 1987; Wright, 
1981; Wright and Flory, 1981; Garratt and Wright, 1988; Strusz et al., 1988) collectively 
indicate the Mount Frome Limestone spans most of the Emsian with ages ranging from 
perbonus Zone (late early Emsian) for the basal beds, extending probably into the partitus 
Zone of the earliest Eifelian (Middle Devonian) in the uppermost 25 to 30 m. 


Boogledie Formation (Offenberg et al., 1971) 

A sequence largely consisting of clastic strata occurs to the east and northeast of 
Mudgee; this has been collectively assigned to the Boogledie Formation (Offenberg et 
al., 1971; and subsequent workers), a formation recognised initially on the basis of 
outcrops on the western side of the Mount Frome syncline and extended by later 
workers to include extensive outcrops around Eurundury, Budgee Budgee and Home 
Rule to the north. At Mount Frome, the unit has been interpreted as exhibiting a low 
angle unconformable contact with the Late Devonian Buckaroo Conglomerate (Powell 
and Edgecombe, 1978; Pickett, 1978). The base of the unit is poorly exposed, but locally 
developed unconformable contacts with poorly known Siluro-Devonian units have been 
reported with the Tingha Formation (Armstrong, 1983) and the Budgee and Eurundury 
Formations (Malnic, 1978). At Mount Frome, the formation interdigitates with the 
upper beds of the Mount Frome Limestone. 

The Boogledie Formation consists of up to 950 m of fine- to coarse-grained, rarely 
fossiliferous, litharenite and quartzarenite (with small- and large-scale cross bedding 
and both symmetrical and asymmetrical ripple marks), lenses of pebbly arenite and 
pebble to cobble conglomerate, mudstone, and numerous small and large lenses of 
limestone, dolomitic limestone and dolomite (Wright, 1966; Hewitt, 1975; Lyons, 1976; 
Malnic, 1978). 

Strata in the vicinity of Mount Knowles are included in the Boogledie Formation 
by Offenberg et al. (1971). The Mount Knowles Member (Wright, 1966; Hewitt, 1975) 
consists of lenses of thick or thin bedded limestone and dolomite (up to 120 m thick) and 
impure sandy limestone which crop out in the upper parts of the formation. Faunas vary 
from sparse (in the dolomite) to abundant (in the limestone) and are dominated by 
tabulate corals, stromatoporoids, receptaculitids, and minor tetraccrals, with brachio- 
pods locally abundant in thin beds; important brachiopods include Spinella and Maluro- 
strophia. Pickett (1972) reported a probable perbonus Zone (late early Emsian) conodont 
fauna from the member, and further studies are in progress (Colquhoun). However, at 
Mount Knowles, the development of dolomite and quartz-rich crinoidal arenite are 
strongly reminiscent of the Carwell Creek Formation and the Mount Knowles member 
is probably a correlative of the Carwell Creek Formation which has been traced as far 
north as west of Lue (Rogis, 1974; Southgate, 1975; Lyons, 1976) and the ‘Erang’ 
property near Windamere Dam wall (Wright e¢ a/., in prep.). 

The Boogledie Formation represents a mixed siliciclastic/carbonate shelf and 
nearshore sequence, probably an environment similar to that of the Carwell Creek 


PROC. LINN. SOC. N.S.W., 114 (4), 1994 


STRATIGRAPHY AND ENVIRONMENTS OF CAPERTREE HIGH 


218 


isvoyyOU 
0} SUOTIDATIP JUaLINIOIRTe 
“syoRIOpnwW YIM oUO}spnu 
paieqinjorg-uou par ‘satoAo 
spremdn sululy ‘spaq-ssoip 


ISBVOyIIOU 0} SUOTIDIIIP 
JUaLINIONRTeg “UOTIEqINIOIG 
‘ZUIPpoq Josey] ‘UONeUTUIe] 

Jar[ered ‘sarddis ‘spaq-ssoig 


JsvaylJOU pue ised 
0] SUOTIIAIIP IsLINIONE]e 
"SOH ‘Spaq-ssoio ‘sayddu 
are] WIM payeurUey] [aM 
pure paieqimorq Ajasuaiuy 


\sea 0} SUOTIDOIIP 


juaLindosryed YIM 
SPaq-ssold [sue MOT ‘SOH 


somnjonds 


IOALI popielg ‘[erAnpy 


puan sutuadsep premdn 
[[RIOAQ ‘dORJOIOYS IJOMOT 
0} BOysooy poyeurwop 
-OARM PUP (SToUUeYd 
[ep pue [eprsojur 
‘Tephgns) syeyy [ep 


Spoq pues WI0IS 
WIM sovJaloys Appnul 
MOT[eYS 0} sOYsTJO JaddAQ 


Jfoys ourew 
MOT[PYS PoeUIWOpP-WIOIS 


JUOWUOITAUS 


uvlUusel yy, 


(spodoryoriq 

pnonpoid pue 

pnouoys ‘prrayutdsowdd) 
euney (UeIUsWIUIe7/) 
UPIUOAD Je] 


BIOL] wnaojydojdaT 
pue (“afiudso1onp 
‘splayutdsovcd) 
spodoryoriq 
URIUOAD 1e'] 


spodoryoriq 
UPIUOADG Ne] 


ase 


auoispnu pure 

auareuty Ajqqad 01 (sisejo 
ousrezirenb ‘soresjoA 
DOI[IS “Woyd) aeIOWOTsUOd 
gidind - wozp 


duOIspnwW pue oIUsrezZFeNb 
‘suuareygns - WOOP 


auareziienb 
euIpogns YM sUOIspnuw 
Peppoq ATU) - WOOP 


ousrTeyyqns 
pue ojtuorezjenb - wg 


sadA} y901/Ssouyoryy 


(Z661 ‘S861 ‘P2OISTTHN 
‘0661 ‘88861 ‘00D ‘L861 
“SOMME ©9961 ‘USUM) 
ALVYUANOTONOO 
oouvaong 


(Z661 ‘S861 

‘PIASTIN ‘0661 “P886I 
‘OOD ‘L861 “AUIS :9961 
YSU) NOLLVWYOA 
vudddnnd 


(7661 ‘S861 

‘POISTIHN “L861 “AOU 
‘9961 IUSIIM) ATWHS 
MaATND SNOSMVT 


(L861 
“YOU -9961 WSU) 
HNOLSANVS YTV edd 


HOIH daoLaddVO NYAHLYON AHL HLIM GALVIDOSSV SHOOU NVINOAXC FLV 9 ATAVL 


PROG. LINN. SOC. N.S.W., 114 (4), 1994 


J. W. PEMBERTON ETAL. 219 


Formation. Provenance is similarly a mixed volcanic/cratonic source (Wright, 1969; 
Hewitt, 1975; Lyons, 1976). ‘Thick accumulations of richly fossiliferous, mainly bio- 
stromal carbonate indicate areas and times of limited clastic supply and suggest that, in 
general, more open marine, less restricted conditions prevailed than was the case in the 
Carwell Creek Formation carbonates. 


LATE DEVONIAN STRATA 


The Late Devonian Lambie Group is represented by a transgressive-regressive 
sequence at least 1700 m thick, of basal Buckaroo Conglomerate conformably overlain 
by a ?Famennian succession of Bumberra Formation, Lawsons Creek Shale and Derale 
Sandstone which crops out in a southeast-plunging syncline (the Pine Ridge syncline) 
from ‘Mudgee to the west of Rylstone (Fig. 3; Wright, 1966; Killick, 1987). 

The Buckaroo Conglomerate (Table 6) includes several fining-upwards cycles of 
red-purple conglomerate overlain by medium- to fine-grained litharenite and red 
mudstone (with mudcracks) and represents braided river deposits (Killick, 1987). The 
gradational contact with the overlying Bumberra Formation represents a transition to 
nearshore marine conditions. The Bumberra Formation consists of sublitharenite with 
thin mudstone interbeds and contains a possible Famennian fauna including 
cyrtospiriferid, and rare chonetid and productid brachiopods (Wright, 1966; Killick, 
1987). The fauna, common bioturbation and abundant traction current structures 
(Table 6) indicate a shallow marine environment including tidal flats, foreshore and 
shoreface conditions. Thinly bedded mudstone with minor interbedded quartzarenite 
(the Lawsons Creek Shale) represent a rapid decrease in bed thickness, grain size and 
sand:silt ratio through the transgressive cycle. Abundant bioturbation and a brachiopod 
fauna including cyrtospiriferids and Mucrospirifer indicate deposition in a quiet, 
deepening environment of upper offshore to muddy lower shoreface conditions. The 
youngest unit of the Lambie Group in the Mudgee district, the regressive richly 
fossiliferous Derale Sandstone, represents thick sublittoral sheet sandstones deposited 
on a storm-dominated shallow marine shelf. 

Palaeogeographic models for the Late Devonian (Killick, 1987) depict a northwest- 
southeast trending strandline, extending as far west as Parkes at the height of the 
transgression, with quartz-rich sediment derived from uplifted highlands to the west 
and southwest. Correlatives of the marine units in the Mudgee district are known from 
the Dulabree Syncline in the Ilford-Running Stream-Upper Turon area to the 
immediate south and elsewhere in the Lambie Group. However, the Buckaroo 
Conglomerate is apparently unique to the Mudgee-Cudgegong district. There are 
similar marine sequences in the Late Devonian Catombal Group on the Molong High 
(Killick, 1987) and it is apparent the ?Famennian marine transgression affected the 
majority of the northeast Lachlan Fold Belt (Webby, 1972). 

A low-angle discordance (5 to 25°) between the Lambie Group and a variety 
of older rocks [the Lambian Unconformity of Powell and Edgecombe (1978) ] has 
been recorded from numerous localities in the northeast Lachlan Fold Belt. The 
unconformity surface is exposed at several localities between Windamere Dam and the 
White Rock area (10 km northwest of Rylstone; Fig. 3). Recognition of the continuation 
of shallow marine sedimentation into the Middle Devonian at Mount Frome, together 
with the low-angle discordance of the Lambian Unconformity suggested by Powell and 
Edgecombe (1978), indicate that the Tabberabberan Orogeny had only mild effects on 
the northeast Lachlan Fold Belt. 
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DEFORMATION OF THE PRE-CARBONIFEROUS ROCKS 


The pre-Carboniferous rocks crop out in northwest-southeast trending, shallowly 
_ plunging, open, cylindrical, asymmetric folds, with well-developed axial plane cleavage; 
in the Late Ordovician strata, folding cannot be recognised. In particular, the Late 
Devonian strata are as intensely deformed as, and have similar structural characteristics 
to, the older rocks. This apparently indicates that the major folding and cleavage- 
forming deformation which affected strata on the northern Capertee High occurred in 
the Early to Middle Carboniferous, coinciding with the timing of the Kanimblan 
Orogeny (Powell and Edgecombe, 1978; Cas, 1983). 


AARONS PASS GRANITE 


The Aarons Pass Granite, to the southeast of Cudgegong, is an I-type, biotite 
granite stock, intruded at high crustal levels (Fig. 3; Table 7). The body is composition- 
ally homogeneous yet the rocks show considerable textural variation including marginal 
phases which display probable pressure-quenched textures. The granite is associated 
with late stage aplite dykes, pegmatite and granophyre (Greenfield, 1992). A 328 Ma 
(Middle Carboniferous) age has been determined from Rb/Sr ratios of biotite separates 
(Pemberton, 1990). The intrusion produced an aureole up to 1.5 km wide, with four 
prograde zones identified in pelites and psammites. Other small I-type granite stocks 
occur at ‘Havilah’ and Pyangle Pass (Fig. 3). 


RYLSTONE VOLCANICS 


The Rylstone Volcanics are an extensive sequence of silicic pyroclastics, lavas and 
epiclastics (Table 7) which crop out for over 45 km along the western margin of the 
Sydney Basin (Fig. 3). They consist of thick sheets of subaerial dacitic and rhyolitic 
ignimbrite, with possible rhyolitic lava domes and interbedded volcaniclastics and 
basement-derived epiclastics (Langworthy, 1986). The facies association and volume of 
the ignimbrite sheets are consistent with the products of a small- to medium-volume ash 
flow caldera (Dicker, 1989; Kuoni, 1991). Radiometric data (Shaw et al., 1989) indicate 
an age of 292 Ma (earliest Permian; Roberts, et al., 1993). This evidence, together with 
nonconformable contacts with the Pyangle Pass Granite (Langworthy, 1986), refutes 
earlier proposals (Day, 1961; Ranocchia, 1981) that the Rylstone Volcanics and nearby 
Carboniferous stocks were synchronous and comagmatic. 


EARLY PERMIAN STRATA 


Permian rocks in the Cudgegong-Mudgee district are restricted to thin, flat-lying, 
conglomeratic veneers which overlie older rocks with angular unconformity. ‘They 
represent the basal unit of the Snapper Point Formation, the lowermost member of the 
Shoalhaven Group at the extreme western margin of the Sydney Basin (Bembrick, 
1983). The formation represents a sandy transgressive shoreline deposit with beach, 
nearshore and offshore environments under apparent fluvio-glacial conditions 
(Dulhunty and Packham, 1962; Bamberry, 1984). At Kandos and surrounding areas 
(Fig. 3) the sequence extends up into the Berry Siltstone and the Hlawarra Coal 
Measures. 
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Black bream, Acanthopagrus butcher, were sampled from three coastal iakes in 
south-eastern Australia. Of 19 specimens from the smallest, Hoyers Lake, seven had an 
ovotestis. Histological examination revealed that the ovarian part of each ovotestis was 
non-functional, but that spermatogenesis was occurring in the testicular tissue. Bream 
with ovotestes were 257-290 mm (SL) while all smaller fish were female and all larger 
individuals were male. Three of the 38 bream sampled from Myall Lakes had an 
ovotestis and the sex ratio of male:transitional:female was 12:3:23. No ovotestes were 
found in 52 fish from the relatively large Gippsland Lakes, where the sex ratio was 
approximately 1:1. We suggest that factors such as the size of the lake, extreme environ- 
mental conditions and intense fishing pressure may have contributed to the expression 
of different sex ratios and forms of sexuality, including protogynous hermaphroditism, 
in the three populations of A. butcherz. 


Stuart J. Rowland, NSW Fisheries, Eastern Freshwater Fish Research Hatchery, Grafton, Australia 
2460 (formerly School of Biological Sciences, Macquarie University, North Ryde, Australia 2109); 
Ron Snape, Braeside, Tilba Road, Central Tilba, Australia 2546; manuscript received 3 June 
1993, accepted for publication 22 September 1993. 


INTRODUCTION 


The occurrence of hermaphroditism and other types of intersexuality in fish has 
long been recognized (see Atz, 1964). The superorder Teleostei is unique in having 
functional sex reversal occurring as a natural phenomenon, and in many species of some 
families, hermaphroditism and sex reversal constitute the normal mode of reproduction 
(Chan and Yeung, 1983). Members of the family Sparidae cover the complete range of 
hermaphroditic function, protandry (the most common), protogyny and synchronous 
hermaphroditism (usually a transitory condition) as well as gonochorism (Reinboth, 
1970; Smith, 1975; Buxton and Garratt, 1990). Sex control in fishes is governed by both 
genetic and environmental factors, and it is well established that the environment can 
exert, under certain circumstances, a significant effect on the sex ratio or can initiate a 
sex change (Chan and Yeung, 1983). 

The black bream, Acanthopagrus butcherr (Munro) and the yellowfin bream, A. 
australis (Gunther) provide important commercial and recreational fisheries in south- 
eastern Australia (Fig. 1). These species are known to hybridize under certain 
conditions in estuaries and lakes on the south coast of N.S.W. (Rowland, 1984). Pollock 
(1985) found that A. australis undergoes protandrous sex inversion. This paper is the first 
report of protogynous hermaphroditism in the endemic Australian sparid, A. butcher. 


MATERIALS AND METHODS 


Black bream were sampled using gill and seine nets from Gippsland Lakes, 
Victoria (52; standard length (SL) 112-288 mm), Myall Lakes (38; SL, 192-310 mm) and 
Hoyers Lake, New South Wales (19; SL, 201-325 mm) (Fig. 1). The latter site was 
sampled on two occasions, May and June. 
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Fig. 1. Distribution of A. butchert and A. australis in eastern Australia. 


All gonads were examined macroscopically and their maturity determined 
according to the Hjort or International Maturity Scale (see Pollard, 1972). The gonads 
of all bream from Hoyers Lake and 10 (SL, 230-290 mm) from each of the other sites 
were preserved in Bodians fixative prior to histological examination. Sections, 7 um 
thick, were prepared from the middle of each gonadal lobe and stained in Harris’ 


haematoxylin and eosin. 
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RESULTS 


Of the 19 individuals taken from Hoyers Lake, four had a macroscopically visible 
ovotestis, and ovarian tissue was found in the testicular tissue of another three after 
histological examination. Three of the 38 bream from Myall Lake possessed an 
ovotestis, but none were found in the 52 specimens from the Gippsland Lakes. 


Macroscopic Ovotestis Structure 

The ovotestis in A. butchert consisted of two lobes of approximately the same size. 
The ovarian tissue was situated medially on the dorsal surface of the testicular section 
and extended along its length. The ovarian tissue in an ovotestis was distinctly smaller 
than the ovaries in sex-separate females, but there was no distinct difference in the size of 
testes’In ovotestes and sex-separate males of similar length. In two individuals, mature 
testes were convoluted and enveloped and obscured the ovarian tissue. 

The ovarian parts of an ovotestis fused posteriorly, to form a common oviduct. The 
testicular parts did not unite, but connective tissue on the dorsal surface of each testis 
enveloped the fused ovaries, combining to give a single genital opening, posterior to the 
anus. 


Ovotestis Histology 

In transverse section, the ovarian tissue was always separated from the testis by a 
layer of connective tissue (Fig. 2). Amounts of ovarian tissue in each ovotestis varied. 
When there was a relatively large amount, the connective tissue layer surrounding the 
ovary was thick and usually contained clumps of spermatogenetic cells (Fig. 2a). In 
ovotestes where less ovarian tissue was present, it was usually embedded in a prolifer- 
ation of connective tissue that formed a distinct lobe (Fig. 2b). Within several of these 
lobes, clumps of degenerate ovarian tissue enclosed by a layer of connective tissue were 
observed (Fig. 2c). 

All bream sampled from Hoyers Lake in June were ‘running-ripe’ and contained 
sperm ducts and vas deferens extended with spermatozoa. The ovarian tissue in each 
ovotestis contained oocytes at several different maturation stages, but none were 
observed at or beyond the primary yolk stage (Fig. 3). In all oocytes that approached the 
primary yolk stage (and in many that reached the yolk vesicle stage) evidence of atresia 
was observed. Atretic oocytes were irregular in shape, the nucleus had moved from a 
central position, cytoplasmic detail was lost, the zona radiata had broken down and no 
yolk granules were present (Fig. 3b). The proportion of atretic oocytes appeared to be 
greater in a specimen captured in June compared to one captured in May. 


Sex Ratio 

The seven hermaphroditic bream from Hoyers Lake ranged from 265-290 mm 
(SL); smaller fish (with one exception) were all females, and those larger were all males 
(Table 1). In this sample of black bream there is a shift in the sex ratio with increasing 
length from all females to all males. 

The bream sampled from Myall Lakes were mainly within the length range 
200-299 mm and the sex ratio was skewed in favour of females; the ratio male: 
transitional:female being 12:3:23 (Table 2). 

No ovotestes were observed macroscopically in the 52 bream from the Gippsland 
Lakes, and no ovotestes were identified in the 10 fish examined histologically. The ratio 
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of males to females in this population was 25:27, with both sexes being represented 
throughout the size range sampled (Table 2). 


C 


Fig. 2. Transverse sections (x3.1) of ovotestes in A. butchert, sampled in: (a) May, 290 mm (SL); (b) June, 257 
mm (SL); (c) June, 275 mm (SL). 

Key to abbreviations: ot — ovarian tissue; tt — testicular tissue; ct — connective tissue; sc — spermatogenetic 
cells. 
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TABLE 1 
Sex and sexual maturity of A. butcheri sampled from Hoyers Lake 


Month sampled Standard Sex and sexual maturity 
(M — May) length (macroscopically determined) 
Fish number J — June) (mm) Female Male 
1 M 201 II1** 
D M 210 IDV 
3 J 228 IV 
4 M 232 Ill 
5 M 240 IV 
6 J 253 IV 
7 M 257 Ill IV 
8 J 265 IV 
9 J 275 nye Wee 
10 J 275 ? IV 
11 M 280 ? V 
12 M 285 g W 
13 M 285 g V 
14 M 290 Inet? V 
15 M 295 V 
16 J 301 V 
17 J 303 IV 
18 M 305 Vv 
19 J 325 V 


*“ III — developing; 1V — maturing; V — mature. 


*b ovarian tissue contains many atretic oocytes. 


TABLE 2 
Sex ratio in three populations of A. butcheri 


Range in standard length Sex ratio (male:transitional: female) 
(mm) Hoyers Lake Myall Lakes Gippsland Lakes 
150-199 = — 203 
200-249 0:0:6 5:0:12 10:0:10 
250-299 a 7/Ral 5:3:11 9:0:11 
300-349 4:0:0 2:0:0 4:0:3 
Overall: 
150-349 Rede7 12133)223 2920227 
DISCUSSION 


Ovotestis Structure and Sex Ratio 

The testicular part of an ovotestis in A. butcher: undergoes active spermatogenesis, 
and although oocyte development up to at least the yolk vesicle stage can occur, the 
ovarian part of the ovotestis is not fully functional. The predominance of atretic oocytes 
and the lack of yolky oocytes, the proliferation of connective tissue around the non- 
functional ovaries and the presence of degenerated ovarian tissue in the dorsal region of 
some ovotestes, suggest that these gonads were changing their functional role from 
female, through a transitory ovotestis in which only the testicular region was functional, 
to a sex-separate male. These observations, plus the shift in sex ratio from female to 
male with increase in body size, suggest that A. butchert sampled from Hoyers Lake were 
protogynous hermaphrodites. 
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Fig. 3. Sections of ovarian tissue in A. butchert: (a) ovary (x16) of sex-separate female, 253 mm (SL) May; (b) 
ovotestis (x53), 275 mm (SL): June. 


Key to abbreviations: pn — perinucleolar oocyte; py — primary yolk oocyte; sy — secondary yolk oocyte; n 
— nucleus; ao — atretic oocyte. 
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Influences on Gonad Development 

The genetic mechanism for sex determination in bony fishes is primitive and 
labile (Dodd, 1960; Yamamoto, 1969) and although experimental studies of extrinsic 
factors on sex control and reversal are scanty because of technical difficulties (Chan and 
Yeung, 1983) it has been shown that environmental parameters can initiate a sex 
change in fishes. Harrington (1971) found that various combinations of day-length and 
temperature early in life, produced four sex phenotypes from one genotype of the 
cyprinodontid Rivulus marmoratus. Breder and Rosen (1966) suggested that hermaphro- 
ditism in R. marmoratus was an adaptation to the unstable coastal environment, and 
facilitated reproduction following severe population depletions caused by violent 
storms. Liem (1963, 1968) has shown that sex change in the protogynous rice field eel, 
Monopterus albus is related to the environment, and that the ability of some females to 
transform into males was of great importance in enabling each population to maintain 
full reproductive powers immediately after severe drought periods. 

Hoyers Lake is a small (0.1 km?) shallow, coastal lake which although generally 
closed, periodically opens to the sea. The water in such lakes can undergo dramatic 
salinity changes (Scribner, 1985 pers. comm.). Since A. butchert is considered to be 
confined to particular lake systems and seaward migration is limited (Butcher and Ling, 
1962) recruitment to the local population from other estuaries is considered minimal. 
Because of the intense fishing pressure on fish over 254 mm total length (specific legal 
limit) the bream population in Hoyers Lake 1s at times dramatically reduced. Tomlinson 
(1966) and Ghiselin (1969) have shown that hermaphroditic species have an increasing 
advantage as populations become sparse. It is possible that the selective pressures 
produced by environmental conditions and/or intense fishing pressure have caused the 
expression of protogynous hermaphroditism in A. butchert in this particular lake. A 
strategy of protogynous hermaphroditism would ensure that a large proportion of 
bream not taken by fishermen would be female. This would result in an increased 
zygotic production and maximisation of the next year class in comparison with a 
gonochoristic or protandrous form, under the same environmental conditions. 

A. butcheri in Myall Lakes (101 km2) is subjected to pressure from both commercial 
and recreational fisheries. In addition fish kills involving bream occasionally occur in 
the lake (J. Bell, D. Dunstan, 1985 pers. comm.). These environmental factors may 
affect the expression of sexuality in this population. Although there was a decline in the 
bream fishery of the Gippsland Lakes (364 km?) between 1919 and 1943 (Butcher, 1945), 
A. butcher in this relatively large lake system has probably not been subjected to the 
intensity of fishing pressure or extreme environmental changes which occur in the 
smaller Hoyers Lake. The lack of an ovotestis in 52 specimens and the approximate 1:1 
sex ratio indicate that this population is gonochoristic. 

The variation observed between these three populations of A. butchert suggests that 
protogynous hermaphroditism is labile in this species. The complexity of sexuality 
among members of the family Sparidae is further demonstrated, and the results of this 
study demonstrate that environmental factors may be important in the determination of 
sex and sex ratios in sparids. 
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NEw, T. R. A second species of Amphientomidae (Insecta: Psocoptera) from Western 
Australia. Proc. Linn. Soc. N.S.W. 114 (4): 233-236 (1994). 


Seopsis humphreyst sp. nov. is described from a single female collected from Cape 
Range, Western Australia. 


T. R. New, Department of Zoology, La Trobe University, Bundoora, Victoria, Australia 3083; 
manuscript received 18 August 1993, accepted for publication 20 October 1993. 


INTRODUCTION 


The psocopteran family Amphientomidae was recorded from Australia only 
recently by Smithers (1989), who described two species, Hemiseopsis alettae (female, New 
South Wales) and Seopsis incisa (male, Western Australia). Both are known only from 
single specimens. Another, undescribed, species of Seopsis has been collected recently in 
Victoria (Garcia Aldrete, pers. comm. 1992). Amphientomidae are among the rarest 
and most elusive Psocoptera in Australia and any additional records and information on 
their occurrence is significant in assessing the peculiarities of the Australian psocid 
fauna. 

As part of his continuing survey of the invertebrate fauna of caves in north-western 
Australia Dr W. F. Humphreys (Western Australian Museum) collected a number of 
Psocoptera, including a single female of a further species of Seopsis Enderlein. It is 
described in this note. 


Seopsis humphreyst sp. nov. 


FEMALE 

Coloration (in alcohol). Head and body pale creamy brown. Eyes black. Face: 7-8 
very fine pale brown postclypeal striae each side of midline; genae slightly darker than 
frons; labrum slightly darker than rest of face. Vertex with traces of two dark stripes each 
side of, and close to, midline and two similar stripes, obsolete posteriorly, above each 
eye. Ocelli dark reddish brown. Antennae dark brown, antennal socket pale. Palpi 
slightly darker than face. Thorax: dorsum darker brown than head, scutellar sutures 
partially black, pleura paler than dorsum. Abdomen pale, unmarked. Fore wing 
membrane pale greyish brown, apical quarter hyaline; hind wing hyaline; venation 
predominantly dark brown, basal half of fore wing with venation mainly pale. Legs 
greyish brown, apex of tibiae pale. 

Morphology. Epicranial suture indistinct. Eyes small, scarcely protruding from head 
capsule. Ocelli very small, indicated only by small dots, the three almost in line across 
anterior of frons, lateral ocelli very close to ventral medial eye margin. Lacinia (Fig. 1): 
outer tine with three shallow rounded cusps, a preapical inner shelf slightly produced 
on medial edge. No fore-femoral comb. ‘Tarsal claws with single small subapical 
tooth, and basal comb of about six fine hairs; basal hind tarsal segment with 19 weak 
ctenidiobothria. Wing venation (Figs 2, 3): fore wing bluntly tapered, first branch of 
vein Sc2 indistinct, radial and medial forks rather short, Cuy, obsolete before wing 
margin; hind wing veins R,; and R»g,3 not reaching wing margin, Cuy evanescent. 
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Subgenital plate (Fig. 4) broad, rounded; sclerotised pattern deeply incised 
laterally near apex of plate; a well defined T-sclerite near apex. Gonapophyses (Fig. 5): 
ventral and dorsal valves long, slender, tapered at apex; external valve broad, bluntly 
rounded, with strong rounded dorsal lobe; no setae. Epiproct (Fig. 6) simple, rounded, 
with dense marginal and premarginal setae. Paraproct (Fig. 6) broad, a small field of 
seven trichobothria with weakly defined basal rosettes and four simple hairs; marginal 
and premarginal setae shorter than on epiproct. 

Dimensions (mm). Body length 1.80; fore wing length 1.95; hind wing length 1.52; 
first and second flagellar segment lengths 0.300, 0.285, ratio 1.05; hind leg femur length 
0.540, tibia length 0.960, basal, second and third tarsal segment lengths 0.495, 0.075, 
0.090, ratio tl:t2:t3 6.6:1:1.2. IO/D (Badonnel) 1.79, PO 2.11. 


Figs 1-6. Seopsis humphreysi sp. nov., female. 1, lacinia. 2, fore wing. 3, hind wing. 4, subgenital plate. 5, 
gonapophyses. 6, epiproct and paraproct. (Scale in mm to figs 4-6). 
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MATERIAL EXAMINED. Holotype, female, Western Australia, Cape Range, pitfall 
trap on surface adjacent to doline of cave C-118 (22°09’S, 113°59’E), 12 August 1989, 
-B. Jones. Holotype in Western Australian Museum, Perth. This species is named after 
Dr W. F. Humphreys, in appreciation of his efforts in collecting Psocoptera from remote 
localities in Western Australia. 


DISCUSSION. The male of S. icisa Smithers is rather similar in form to this new 
species and parsimony could suggest that this should be allocated as the unknown 
female of incisa. This is unlikely because of differences in body coloration, especially of 
the head. The legs of the two species also apparently differ: the fore and middle tibiae of 
S. incisa were described as pale on the basal half and the hind tibia as pale. All legs of the 
female have the tibial apex noticeably paler than the basal region and the tarsi wholly 
dark., The smaller ocelli of the female could merely be sexual dimorphism and the 
relatively shorter fore wing apex be associated with slight brachyptery. The differences 
in hind wing venation are more striking, especially the greater length of the radial fork 
stem, which is more than twice the length of vein Ro,3 in S. Aumphreyst and about equal 
to it in S. zncisa. The balance of characters implies strongly that the two individuals are 
indeed of different species. 

This is the eleventh described species of Seopsis. The genus is predominantly 
Oriental, and species are known from Sri Lanka, Singapore, the Philippines and Nepal 
in addition to two species from Angola. Most are known from very few specimens, and 
all differ in body pattern from the Australian species. 
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CROWLEY, L. E. L. M., & IvANTSOFF, W., 1990. A Review of Species Previously 
Identified as Craterocephalus eyresia (Pisces: Atherinindae). Proc. Linn, Soc. N.S.W. 112 
(2): 87-103. 


I have been informed by the authors that they have made two errors in the above 
paper, both on page 93. 


1) “AMS 1.28875-002 (4, 24.4-43.9mm SL) Salt Hole, Finke River, Northern 
Territory, collected 19 September 1983” is incorrect and should be deleted. 


2) “Material for osteology: AMS IA 24687.001 (4) as for holotype.” should be 
“Material for osteology. MQU IA 176 (4) as for holotype.” 


Editor 
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Annexure to Proceedings Vol. 114 


THE LINNEAN SOCIETY OF NEW SOUTH WALES 
ANNUAL REPORTS FOR THE YEARS 1989-90, 1990-91, 1991-92 AND 1992-93 


ANNUAL REPORT FOR 1989-90 
RECORD OF THE ANNUAL GENERAL MEETING, 1990 


The one hundred and fifteenth Annual General Meeting was held in the J. H. Maiden Theatre, Royal 
Botanic Gardens, Sydney, on Wednesday, 28th March, 1990, at 6.00 p.m. 

The President, Dr P. J. Myerscough, occupied the Chair. The minutes of the one hundred and 
fourteenth Annual General Meeting were taken as read and adopted by the meeting. 


REPORT ON THE AFFAIRS OF THE SOCIETY FOR THE YEAR 1989-90 


Publications 
The Society’s Proceedings were published as follows: — 
Volume 111 December, 1989 


After the retirement of Dr T. G. Vallance, Dr J. R. Merrick as the succeeding Honorary Editor has 
produced Volume 111. This large issue contains the whole Volume, no. 1-4. 

The Society is very grateful for the immense amount of work Dr Vallance put into editing the 
Proceedings from Vol. 103 to Vol. 111 numbers 1 and 2 over 10 years. Our gratitude is now extended to Dr 
Merrick for the responsibility he has assumed in this very demanding task. 


Newsletter 


The LinnSoc News continues to be edited by Dr Helene Martin. It is issued quarterly and distributed 
to all members. It includes details of our programme, reports of Council resolutions, titles and authors of 
papers accepted for publication in the Proceedings, news of grants from the Joyce W. Vickery Scientific 
Research Fund and other items of potential interest to members. 


Membership 


On 21st March, the Society had 215 full Members and 26 Associate Members. Ten new members were 
elected during the year and nine members resigned. The names of 17 members were removed as unfinancial 
and 4 members died. 

We record with regret the death of the following members: — 

Dr G. A. Joplin, Life Member, Linnean Macleay Fellow and member for almost 60 years, died on 18th 
July, 1989. 

Dr M. D. Garretty, Life Member, died 21st November, 1989. 

Dr P. B. Carne, Life Member, Canberra, died 21st December, 1989. 

Mr K. M. Moore, of Yeppoon, Life Member, elected 1958, died 3rd February, 1990. 


Meetings 


On 30th May in the J. H. Maiden Theatre, Royal Botanic Gardens, Dr Michael J. Knight, Director 
of the Centre for Groundwater Management and Hydrology at the University of New South Wales, spoke 
to us on “The role of Geology and Groundwater in Australia’s salinity problem’. 

Mr Alan Andrews addressed us on 21st June, also at the Botanic Gardens, on the topic ‘On whaling, 
whale oil and lamp light: to do with John White of the “Blazing Star” 1830-1835’. 

A field excursion was organised by Dr Helene Martin for Saturday, 26th August, to an area at Little 
Bay between the Prince Henry Hospital and the University of New South Wales. Leaders were biologist, 
Dr Paul Adam, and geologists, Professor Dick Evans and Dr Andrew McMinn. 

On 20th September, Dr Andrew McMinn from the Special Services Section of the Geological Survey 
of New South Wales gave us an account of his cruise on the ocean drilling ship entitled ‘Deep Sea Drilling 
on the North West Shelf. 


The Macleay Memorial Lecture was delivered by Dr J. Peacock, Chief of the Division of Plant 
Industries, CSIRO, in the Robert Browne Room, Botany Building, University of Sydney. Dr Peacock’s topic 
was ‘Haemoglobin in Plants: Evolution really is Conservation’. This lecture will be published in Proceedings 
Volume 112. 

A field excursion to Yengo National Park was led by Mr Jonathan Sanders, a ranger with the National 
Parks and Wildlife Service of New South Wales, based at Wisemans Ferry, on 21st October. 

On 22nd November, in the Seminar Room, Royal Botanic Gardens, Dr Sue Hand illustrated with 
slides her talk on ‘The Australian Bat Fauna: a 30 million year history?’ 

The Society’s annual informal luncheon was held on Wednesday, 20th February, 1990, at the Royal 
Botanic Gardens. 


The Joyce W. Vickery Scientific Research Fund 


Grants totalling $6,250 were awarded during the year to assist 13 research projects. Details were 
published in Newsletter No. 53 in October, 1989. 


Linnean Macleay Fellowship 


Miss Julia Hush was reappointed as the Fellow for 1989. She explains that her research during 1989 
aims to understand the control of cell orientation and positioning in higher plant tissues. It has been found 
by studying the wound response of injured root tissue, that a re-orientation of cortical microtubules in the 
cell cortex precedes and predicts new directions of cell expansion and cell division. Presently, investigations 
are underway to assess whether ionic currents or mechanical stress may generate fields within plant tissues 
which might act as the signals for microtubule orientation and hence cell polarity. 

At the Council meeting held on 13th December, 1989, it was resolved that Miss Hush’s Fellowship 
would be renewed for 1990. 


Office 
The Society’s office at 6/24 Cliff Street, Milsons Point, is open from 9.30 a.m.—5 p.m. every Tuesday. 
The telephone numbers is (02) 929 0253. We record with regret the death in September, 1989, of our 


Assistant Secretary, Mrs Helen Primrose. Our new Assistant Secretary, Mrs Felicity Cornelius, joined us 
in February, 1990. 


Linnean Macleay Lectureship in Microbiology 


Dr Kai Yip Cho of the Department of Microbiology, University of Sydney, provides the following 
report of his work: — 

The research work this year focused mainly on the development of cultivation methods for winter 
mushroom and shiitake using local agricultural waste materials. Mushroom supplements have also been 
developed which can increase the yield of a wide range of edible mushrooms. it is also shown that liquid 
spawn has many advantages over the grain spawn used in mushroom cultivation. 


Honorary Librarian 


During the year the Council appointed Dr T.G. Vallance Honorary Librarian. 


PRESIDENTIAL ADDRESS 


The President, Dr P. J. Myerscough, delivered an address entitled ‘Comparative plant ecology and the 
quest for understanding of Australian plants’. 


Synopsis 


This talk will explore the contribution comparative plant ecology has made and can make to 
understanding the Australian flora. It will be argued that, as basic taxonomic work makes the flora 
increasingly better known and as its origins become more fully understood, botanical institutions will 
become increasingly involved in comparative plant ecology, working out details of dispersal, seedling 
establishment and plant growth and reproduction across whole suites of species and habitats. This would 
not only increase our understanding of spatial and temporal relations of plant species in native vegetation, 
but could provide basic knowledge for ecological engineering for various restorative works in the next 
century. Such work might include creation of wildlife corridors to link otherwise isolated nature reserves 
or national parks. Linkage of isolated areas of land reserved for nature conservation may become necessary 
if some species of native plants and animals are to be adequately conserved. 


u 


DECLARATION OF ELECTIONS 


As the number of nominations did not exceed the number of vacancies, no voting was necessary. The 
following members were therefore declared elected to the Council for the year 1990-91. 


President — Dr D.S. Horning 
Members of Council — Mrs J. H. K. Eastman 
Dr L. A. S. Johnson 
Dr P. M. Martin 
Dr C. N. Smithers 
Dr T. G. Vallance 
Mrs K. L. Wilson 
Auditor — W. Sinclair & Co. 
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Annexure to Proceedings Vol. 114 


THE LINNEAN SOCIETY OF NEW SOUTH WALES 


ANNUAL REPORT FOR 1990-91 
RECORD OF THE ANNUAL GENERAL MEETING, 1991 


The one hundred and sixteenth Annual General Meeting was held in the J. H. Maiden Theatre, Royal 
Botanic Gardens, Sydney, on Wednesday, 27th March, 1991, at 6.00 p.m. 

The President, Dr D.S. Horning, Jr, occupied the Chair. The minutes of the one hundred and fifteenth 
Annual General Meeting were adopted by the members present. 


/ 


REPORT ON THE AFFAIRS OF THE SOCIETY FOR THE YEAR 1990-91 


Publications 


Volume 112 of the Society’s Proceedings, edited by Dr J. R. Merrick, was published in January, 1991. 

The LinnSoc News continues to be edited by Dr Helene Martin. It is issued quarterly and distributed 
to all Members and Associate Members. It includes details of our programme, reports of Council 
resolutions, titles and authors of papers accepted for publication in the Proceedings, news of grants from the 
Joyce W. Vickery Scientific Research Fund and other items of interest to members. 


Membership 


On 20th March, the Society had 200 full Members and 24 Associate Members. There were 3 new 
Members elected during the year and 3 resignations. The names of 12 Members were removed as 
unfinancial and 3 Members died. 

We record with regret the death of the following Life Members: — 

Mrs Thistle Stead (nee Harris) died on 6th July. She had been a Member of the Society since 1932. 

Professor D. J. Lee died on 13th October. He had been a Member of the Society since 1936 and served 
as President in 1950-51. 

Mrs A. T. Lee died on 23rd October. She had been a Member of the Society since 1934. 


Meetings 


Our first meeting of the year was a Field Trip to the Northern Yengo National Park on Saturday, 19th 
May, led by Mr Jonathon Sanders, Ranger with the National Parks and Wildlife Service. 

On 20th June, Ms Suzanna Eliott from the School of Biological Sciences at Macquarie University 
spoke to us on the topic: ‘Moulds to Man: the Cellular Slime Moulds’. 

Dr T. G. Vallance invited Members to visit his Library on 7th July. His collection includes items of 
Historical as well as Scientific interest. He is also caring for the remainder of the Linnean Society’s library 
collection, including pamphlets, while awaiting permanent housing. Dr Vallance is the Society’s Honorary 
Librarian. 

On 22nd August, Mr Edwino Fernando from the School of Biological Sciences at the University of 
New South Wales, spoke to us on the topic ‘Forest Formations and Flowering Plants of the Philippine 
Islands’, illustrating his talk with colour slides. 

Mr Jonathon Sanders, who had led the Field excursion to Yengo National Park in May, followed it up 
on 26th September with a lecture entitled “The Vegetation of Yengo National Park’. 

On 24th October, Dr Mark Elgar from the School of Biological Sciences at the University of New South 
Wales, spoke to us on the subject of ‘Sexual Cannibalism, Kleptoparasitism and Mutualistic Associations 
in Spiders’. 

The annual informal luncheon was held on 20th February, 1991. The luncheon and all the above 
lectures were held in the J. H. Maiden Theatre at the Royal Botanic Gardens, by courtesy of the Director, 
Professor T. C. Chambers. 


The Joyce W. Vickery Scientific Research Fund 


Grant totalling $8,552 were awarded during the year to assist 20 research projects. Details were 
published in the LinnSoc News Nos. 55 and 57. 


Linnean Macleay Fellowship 


Miss Julia Hush held the Fellowship during 1990. She summarises her research as follows: — 

The central aim of the thesis was to gain insight into the way in which the spatial organization of plant 
cells is controlled during growth and development of higher plants. The fact that plant cells have specific 
orientations with respect to their shape and position within multicellular plant tissues, can be described as 
polarity, and the way int which this polarity is established and maintained in higher plant cells, was the focus 
of this project. 

Two higher plant systems in which polarity changes occur, were investigated. Firstly, wound-induced 
polarity changes were examined in root tissue of Pisum sativum, and naturally-occurring polarity changes 
were studied in leaves of the succulent plant Graptopetalum paraguayense, during organogenesis. 


Office 
The Society’s office at 6/24 Cliff Street, Milsons Point is open from 9.30 a.m.—5 p.m. every Tuesday 
(Tel. 929 0253). 


Linnean Macleay Lectureship in Microbiology 


Dr Kai Yip Cho, of the Department of Microbiology at the University of Sydney, provides the following 
report on his work during the year: — 

Dr Cho continued working on the nutritional requirements of shiitake mushroom and winter 
mushroom. It is now possible to cultivate both types of mushroom using local agricultural waste materials 
instead of specific hardwood logs or their sawdust. The successful development of liquid spawn method also 
facilitates the mechanisation of the cultivation processes. 

Dr Cho retired in July this year and Professor P. R. Reeves of the Department had since taken up the 
Linnean Macleay Lectureship. 


PRESIDENTIAL ADDRESS 


The President, Dr Horning, delivered an address entitled ‘William John Macleay — Entomological 
Lion? 


Synopsis 


William John Macleay was a well known benefactor to the scientific community in New South Wales 
in the latter decades of the 1800s. But little is known about his capabilities as a scientist. He devoted much 
energy on a variety of zoological subjects and published papers on amphibians, lizards and snakes. His 
main contribution to the vertebrate world was a series of papers on fish, culminating in a descriptive 
catalogue of fishes of Australia. 

He is probably best known for his work on insects. He published 39 papers on Australian insects in 
four journals in New South Wales, South Australia and Tasmania. A summary of his papers in each of the 
journals is presented. William Macleay had a wide interest in beetles and described more than 1,360 species 
in 52 families. His entomological contributions are discussed by analyzing the proportion of valid species 
to synonyms in 5 families of beetles (Buprestidae, Carabidae, Elateridae, Scarabaeidae and Tenebrionidae, 
accounting for more than 60 per cent of his described species). 


DECLARATION OF ELECTIONS 


As the number of nominations did not exceed the number of vacancies, no voting is necessary. The 
following members are therefore declared elected to Council for 1991-92:— 


President — DrD.S. Horning 
Members of Council — Dr M. R. Gray 
Dr S. J. Hand 


Dr D. S. Horning 

Dr H. A. Martin 

Dr J. Pickard 

Dr A. Ritchie 
Auditor — W. Sinclair & Co. 
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Annexure to Proceedings Vol. 114 


THE LINNEAN SOCIETY OF NEW SOUTH WALES 


ANNUAL REPORT FOR 1991-92 
RECORDS OF THE ANNUAL GENERAL MEETING, 1992 


The one hundred and seventeenth Annual General Meeting was held in the J. H. Maiden Theatre, 
Royal Botanic Gardens, Sydney, on Wednesday, 25th March, 1992, at 6.00 p.m. 

The President, Dr D. S. Horning, Jr occupied the Chair. The minutes of the one hundred and sixteenth 
Annual General Meeting were adopted by the members present. 


d 


REPORT ON THE AFFAIRS OF THE SOCIETY FOR THE YEAR 1991-92 


Publications 


Volume 113 of the Society’s Proceedings, edited by Dr J. R. Merrick, was published in April, 1992. 


Newsletter 


The LinnSoc News continues to be edited by Dr H. A. Martin. It is issued quarterly and distributed 
to all members and associate members. It includes details of our programme, reports of Council resolutions, 
titles and authors of papers accepted for publication in the Proceedings, news of grants from the Joyce W. 
Vickery Scientific Research Fund and other items of interest to members. 


Membership 


On 24th March, the Society had 194 full Members and 21 Associate Members. Eleven new members 
have been elected during the year, seven have resigned and one has died. Twelve names have been removed 
as unfinancial. 

We record with regret the death of Professor A. T. Hotchkiss, a Life Member who joined the Society 
in 1953 and died in June, 1991. 


Meetings 


The first meeting for the year was a talk on “The Land Crabs of Christmas Island‘ delivered by 
Associate Professor Peter Greenaway of the University of New South Wales on 19th June. 

On 24th July, Professor Carrick Chambers gave a talk on ‘Plant Hunting in Western China’, after a 
collecting trip for the Royal Botanic Gardens. 

On 2ist August, Dr Peter Bernhardt, also from the Royal Botanic Gardens, spoke to us on the topic 
‘The Why of the Wattle Season’. 

The Macleay Memorial Lecture was delivered by Professor Ann Henderson-Sellers on 18th September 
at the University of New South Wales. Her topic was ‘Climate Impact: Possibilities and Problems in 
Interdisciplinary Research’. 

Dr Jenny Read, from the School of Botany, Monash University, gave us a talk on ‘Ecological Studies 
of Australasian Nothofagus species and their Value in Interpreting the Form and Floristics of Past and Present 
Rainforest Communities’. This was held at the Royal Botanic Gardens on 23rd October. 

A field trip was planned to Yengo National Park, to be led by Dr Jonathon Sanders; however, owing 
to bushfires in the area, it had to be cancelled. 

On 20th November, a dinner was organised jointly by the Macleay Museum and the Linnean Society 
to honour our Founder and Benefactor, Sir William Macleay on the occasion of the centenary of his death. 
Dr Peter Valder presented an address on the life and times of Sir William Macleay at the dinner, which 
was held in the Macleay Museum. 

The annual informal luncheon for members and friends was held once again at the Royal Botanic 
Gardens. 


The Joyce W. Vickery Scientific Research Fund 


Grants totalling $5,917 were awarded during the year to assist 12 research projects. Details were 
reported in the LinnSoc News No. 61. 


XVil 


Linnean Macleay Fellowship 


Mr S. L. Krauss has held the Fellowship during 1991-92. He summarises his research as follows: — 

Persoonia mollis is a morphologically complex species within which nine subspecies are now recognised. 
The variation is complex because it is often clinal within a subspecies, with transition zones between 
parapatric forms. Of particular interest are sharp transition zones where few or no morphological 
intermediates are known. 

Genetic structure and evolutionary processes such as gene flow are being investigated using starch gel 
electrophoresis of isozymes. Genetic markers are being used in conjunction with manipulative field 
experiments to investigate gene flow within and between populations and subspecies. 

Results to date suggest that although self-compatible, P. mollis is almost completely outcrossed. Further, 
there appears to be no restriction to pollen flow across parapatric subspecies boundaries. The suggestion 
then, is that there is selection against intermediate forms along the boundaries. Initial surveys of genetic 
structure across the transition zones suggest little genetic differentiation between morphologically extreme 
forms. 

The importance of phenotypic plasticity is being investigated by way of reciprocal field transplant 
experiments. Results to date suggest that diagnostic morphological differences are not removed when the 
plants are removed from their natural environments. 

Through the synthesis of population genetics, ecology and systematics, my aim is to achieve an 
understanding of the evolution of this complex species. 


Office 
The Society’s office at 6/24 Cliff Street, Milsons Point is open from 9.30 a.m.—5 p.m. every Tuesday 
(Tel. 929 0253). 


Linnean Macleay Lectureship in Microbiology 


Professor P. R. Reeves of the Department of Microbiology, University of Sydney, whose research areas 
are in evolution of bacteria, genetics and function of bacteria, and in vaccine development, supplies the 
following report on his research activities: — 

I have been working with a group of research students, postdoctoral fellows and others, in the 
evolutionary origin of the extreme variation in bacterial surface properties. The study involves looking at 
the genes and comparing gene sequences after cloning. 

We have chosen to work in Salmonella as the surface variation in the O-antigen is involved in virulence, 
and has been well documented. We find that for all six forms of the O-antigen studied, the evidence clearly 
indicates that the genes concerned evolved in quite other bacterial groups and somehow were acquired by 
Salmonella by gene transfer. 

Other details of the extensive sequence data we have accumulated suggest that the different gene 
clusters are related but diverged hundreds of millions of years ago, and were acquired by Salmonella relatively 
recently. 


PRESIDENTIAL ADDRESS 
The President, Dr Horning, delivered an address entitled “The Natural History Collections of William 
John Macleay as Reflected through his known Diaries (1874-1876, 1878-1881)’. 
DECLARATION OF ELECTIONS 


As the number of nominations does not exceed the number of vacancies, no voting is necessary. The 
following members are therefore declared elected to the Council for the year 1992-93: — 


President — Prof. R. J. King 
Members of Council — Mr A. E. J. Andrews 
Dr R. J. King 


Dr J. R. Merrick 

Dr P. J. Myerscough 

Dr I. G. Percival 

Dr D. R. Murray 
Auditor — W. Sinclair & Co. 
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Annexure to Proceedings Vol. 114 


THE LINNEAN SOCIETY OF NEW SOUTH WALES 


ANNUAL REPORT FOR 1992-93 
RECORD OF THE ANNUAL GENERAL MEETING, 1993 


The one hundred and eighteenth Annual General Meeting was held in the J. H. Maiden Theatre, 
Royal Botanic Gardens, Sydney, on Wednesday, 24th March, 1993, at 6.00 p.m. 

The President, Professor R. J. King, occupied the Chair. The minutes of the one hundred and 
seventeenth Annual General Meeting were adopted by the members present. 


REPORT ON THE AFFAIRS OF THE SOCIETY FOR THE YEAR 1992-93 


Publications 


Publication of Volume 114 of the Society’s Proceedings, edited by Dr C. N. Smithers, is expected to be 
published later in 1993. 


Newsletter 


The LinnSoc News, edited by Dr H. A. Martin, is issued quarterly and sent to all members and 
associate members. It includes details of the programme, summaries of lectures, reports of council 
resolutions, titles and authors of papers accepted for publication in the Proceedings, news of grants from the 
Joyce W. Vickery Scientific Research Fund and other items of interest to members. 


Membership 


Despite the election of seven new members during the year, our numbers remain at 194 full members 
and 21 associate members — the same as last year. 

We record with regret the death of Dr T. G. Vallance on 7th March. Dr Vallance was elected to 
membership of the Society.in 1949 and became a member of council in 1956. He served 4 terms as 
President, in 1959, 1968, 1974 and 1988 and edited the Proceedings from 1979 to 1989. In January, 1993 Dr 
Vallance was appointed ‘Councillor Emeritus‘ in recognition of his long and devoted service to the Society 
and to its Council. He was Honorary Librarian from 1990. 


Meetings 


The first meeting of the year was held in conjunction with the Antarctic Society on 30th April at the 
Australian Museum, when Dr John Long from the Western Australian Museum presented an illustrated 
talk entitled ‘New discoveries of Devonian animals in Antarctica’. 

On 20th May, Associate Professor Dr Alberto Albani, from the University of New South Wales, 
discussed ‘Sea level changes and coastal morphology‘ offshore from the Sydney region. 

Associate Professor John Dodson, from the University of New South Wales, gave a talk on 17th June 
on the topic ‘Late Quaternary vegetation, climate, fauna and people in northwest New South Wales’. 

Dr David Murray, from Sydney University, spoke to us on 22nd July on ‘Seed production 
electrophoresis in relation to plant systematics’. 

On 19th August, Dr Helene Martin, from the University of New South Wales, discussed the ‘Late 
Cainozoic history of vegetation of northern Australia’. 

Ms Kerryn Parryn-Jones, from the University of New South Wales, gave a talk on 23rd September 
entitled ‘How and why is the Grey-headed Flying Fox colony site at Gordon atypical?‘ 

On 21st October, Professor P. R. Reeves, Linnean Macleay Fellow in Microbiology, entitled his lecture 
‘How to study evolution in bacteria when they all look so alike and fossils are not very helpful’. 

Professor Paul Adam, from the University of New South Wales, gave an illustrated talk on ‘Some 
mysteries in Australian rainforest ecology’ on 18th November. 

The annual informal luncheon for members and friends was held on 17th February 1993. 

All of the above meetings, including the luncheon, were held at the Royal Botanic Gardens, Sydney, 
with the only exception being the April meeting at the Museum. We are very grateful to the Director of 
the Botanic Gardens, Professor Chambers, for his permission to hold our meetings at the Gardens. 


XXV 


Joyce W. Vickery Scientific Research Fund 


Grants totalling $5,924 were awarded during the year to assist 13 research projects. Details were 
reported in LinnSoc News No. 65. 


Linnean Macleay Fellowship 


Mr S. L. Krauss continued to hold the Fellowship for 1992-93 and he has provided the following report 
on the progress of his research: 


Systematic pattern and evolutionary process within the complex species Persoonia mollis 
(Proteaceae). 


Persoonia mollis is a remarkably variable plant species in which nine subspecies are now recognised. The 
study of highly variable organisms such as this one provides insights into perennial questions in biology 
such as what are species’, and how are they formed? More specifically, my aims are to firstly interpret 
morphological and genetic pattern within this species, and secondly to investigate evolutionary processes 
to produce the observed variation. 

Pattern: Genetic data via starch gel electrophoresis of allozymes support the taxonomic conclusions 
drawn from morphological pattern. The variation observed is analogous to the variation in allozymes 
among races of the species Homo sapiens. 

Process: Three possible causes of this variation are being investigated using a combination of genetic 
techniques and field-based ecological experiments. The variation could be a result of (i) phenotypic 
plasticity; (ii) a restriction in gene flow; or (111) selection by the environment in the face of gene flow. My 
results suggest that the latter is the most important factor. 


Office 
The Society’s office at 6/24 Cliff Street, Milsons Point is open from 9.30 a.m.—5.00 p.m. every Tuesday 
(Tel. 929 0253). 


Linnean Macleay Lectureship in Microbiology 


Professor Reeves reports on his research as follows: 

In 1992, I continued work on evolution of bacterial surface antigens, finding more instances of genes 
apparently having been transferred between distantly related species. Several papers were published on O 
antigens of Salmonella and one on population genetics of bacteria, to incorporate the clonal nature of 
bacterial populations into general population genetics theory. Other work on O antigens of Yersinia, O 
antigens and capsules of E. colz and sequence variations with clones is approaching publication stage. 


PRESIDENTIAL ADDRESS 


The President, Professor King delivered an address entitled ‘Mangrove Macro Algae: A Review’. 


Synopsis 


Algae associated with mangrove communities have received particular attention in phycology since the 
1930s when Dr Erika Post began a series of papers on their systematics and distribution. The present review 
will cover morphology and anatomy, taxonomy and systematics, including the impact of culture studies and 
chemotaxonomy, biogeography, ecology and physiology of coping with salinity variations. 


DECLARATION OF ELECTIONS 


As the number of nominations does not exceed the number of vacancies, no voting is necessary. The 
following members are therefore declared elected to the Council for the year 1993-94: — 


President — Professor R. J. King 
Members of Council — Mrs J. H. K. Eastman 
Mrs G. J. Harden 
Dr L. A. S. Johnson 
Dr D. Keith 
Dr C. N. Smithers 
Auditor — W. Sinclair & Co. 
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